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BACTEBIAL  POISONS. 

That  the  infectious  diseases  are  caused  by  certain  microorganisms 
has  been  positively  demonstrated.  For  hundreds  of  years  the  logical 
minds  of  the  profession  saw  that  the  theory  of  a  contagium  vivum  was 
the  only  rational  explanation  of  the  spread  of  epidemics,  but  the 
medical  world  was  comi>elled  to  await  the  discovery  and  development 
of  the  compound  microscope  before  the  caiisal  relationship  of  minute 
forms  of  life  to  diseases  could  be  demonstrated  to  the  senses.  The 
early  observations  of  Davaine  and  PoUender,  made  about  the  middle 
of  the  nineteenth  centur}',  followed,  as  they  were,  by  the  laborious 
and  fruitful  researches  of  Pasteur,  Koch,  and  others,  have  lifted  our 
knowledge  of  the  etiology  of  the  infectious  diseases  from  the  uncer- 
tain sands  of  speculation  and  placed  it  upon  the  solid  rocks  of  sci- 
ence. No  one  will  claim  that  the  labors  of  the  century  just  closing 
leave  no  undiscovered  facts  in  this  field  for  the  future  investigator, 
but  he  can  proceed,  thanks  to  these  labors,  upon  lines  as  truly  scien- 
tific as  those  that  guide  the  researches  of  the  chemist  and  the  physi- 
cist. 

It  is  true  that  in  these  the  last  years  of  the  nineteenth  century 
there  are  a  few  who  still  question  the  causal  relationship  of  germs  to 
disease,  but  professionally  these  live  iu  a  past  now  so  remote  that  we 
may  consider  them  as  only  of  archeological  interest.  We  will  there- 
fore start  with  the  demonstrated  fact  that  the  infectious  diseases  are 
caused  by  microorganisms,  and  upon  this  as  a  basis  we  will  study 
the  relation  of  the  bacterial  i>roducts  to  disease. 

Granting  that  certain  bacteria  do  by  their  growth  within  the  ani- 
mal organism  disturb  the  normal  functions  of  the  cells  of  this  organ- 
ism, we  are  ready  to  inquire  into  the  agencies  by  which  these  dis- 
turbances are  induced.  How  do  bacteria  cause  disease?  In  what 
way  does  the  specific  bacillus  of  diphtheria  induce  the  symptoms  of 
this  disease  and  cause  death?  These  questions  arose  soon  after  it 
had  been  demonstrated  that  microorganisms  constitute  the  essential 
factor  in  the  causation  of  the  infectious  diseases.     Since  the  bacillus 
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of  anthrax  was  one  of  the  first  of  the  pathogenic  bacteria  isolated,  it 
became  the  basis  of  many  of  the  theories  offered  in  answer  to  the 
questions  here  propounded. 

Bollinger  suggested  that  the  apoplectic  form  of  anthrax  might 
be  due  to  the  deprivation  of  the  oxyhemoglobin  of  the  blood  of  its 
oxygen  by  the  bacilli.  This  theory  was  rendered  jJausible  by  the 
fact  that  the  bacilli  of  anthrax  are  aerobic  and  the  symptoms  resem- 
ble those  of  asphyxiation.  The  most  important  of  these  symptoms 
are  subuorinal  temperature,  dyspmea,  cyanosis,  dilated  i)ui>ils,  and 
convulsions.  Furthermore,  the  post-mortem  findings  are  in  accord 
iu  the  main  with  this  theory.  The  veins  are  filled  with  dark  bloo<l, 
the  i)areucliymatous  organs  are  cyanotic,  and  the  lungs  ai"e  engorged. 
The  rapid  course  of  the  disease  was  also  pointed  out  as  showing  the 
resemblance  of  this  form  of  anthrax  to  poisoning  with  hydrocyanic 
acid,  which  was  then  believed  to  act  as  a  poison  by  depriving  the 
blood  of  its  oxygen.  The  estimate  of  Davaine,  which  placed  the 
iinniljer  of  bacilli  iu  each  drop  of  blood  of  an  animal  dying  with  an- 
tlirax  at  from  eight  to  ten  millions,  made  it  easy  to  understand  how 
the  rapid  withdrawal  of  oxygen  from  the  corpuscles  might  be  accom- 
plishod.  Pasteur  at  one  time  was  inclined  to  supjwrt  this  theory, 
and  ho  advanced  the  additional  argument  that  birds  were  not  sus- 
ceptible to  this  disease,  and  he  accounted  for  their  insusceptibility 
l)y  sup|)i)sing  that  the  blood  corpuscles  of  these  animals  do  not  part 
witli  their  oxygen  readily.  This  theory  waa  soon  shown  to  be  wholly 
untenable.  More  extended  researches  demonstrated  that  the  number 
of  bacilli  iu  tlie  blood  had  been  greatly  overestimated,  and  that  in 
many  instances  death  resulted  when  the  number  of  germs  present 
in  tlie  blood  was  small.  Joffroy  showed  experimentally  that  death 
miglit  occur  before  any  bacilli  reached  tlie  blood.  Oemler  and  Feser 
asi-('rtaiu(Hl  that  iusasce])tibility  to  anthrax  was  not  common  to  all 
birds,  and  indeed  tliat  some  species  are  highly  susceptible.  Spectro- 
sc()])ic  studies  of  tlie  blood  sliowed  that  even  wlieii  filled  with  anthrax 
bac-illi,  its  oxylueuioglobiii  is  not  ai>pivfiiibly  diminished.  It  was 
observed  that  dithcult  respiration  is  not  a  constant  accompaniment  of 
tlio  (lisoase,  wiiicli  must  be  tlie  cast>  in  as])liyxiation.  When  animals 
sick  witli  autlirax  were  compelled  to  breathe  air  containing  a  large 
voluiiie  of  oxygen,  tlie  symi)toiiis  were  not  modified,  nor  was  death 
d(»lay('(l.  Ncucki  determined  quantitatively  the  jirocess  of  oxidation 
going  oil  iu  the  blood  of  anthrax  animals  by  estimating  the  amount 
of  |)lieiiol  eliininated  .tfter  the  administration  of  weighed  ((uantities 
of  heiizol  and  thus  found  that  i)rocesses  of  oxidation  were  not  re- 
tarded. Tlius  tlie  deoxidation  theory  was  found  not  to  l)e  true  for 
iautlimx,  Mild  if  not  true  for  .mthrax,  it  certainly  could  not  be  true  for 
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any  other  infections  disease.  In  many  of  these  diseases  the  bacilli 
are  not  found  in  the  blocxl  at  all.  Indeed,  iu  some,  and  among  these 
are  to  be  found  such  speedily  fatal  diseases  as  tetanus  and  diph- 
theria, the  si)ecific  germ  spreads  over  comparatively  a  small  area 
around  the  point  of  infection.  Again,  some  of  the  most  virulent  path- 
ogenic bacteria  are  anaerobic,  manifesting  their  maximum  growth  and 
virulence  in  the  absence  of  oxygen.  The  deoxidation  theory  has  been 
found  to  he  wanting  both  when  applied  to  anthrax  in  particular  and 
to  the  infectious  diseases  in  general. 

A  second  theory  may  be  designated  as  that  of  ansemia.  It  was 
suggested  that  the  bacteria  destroy  the  red  corpuscles  of  the  blood. 
This  theory  never  had  any  scientific  support.  As  has  been  stated, 
iu  many  diseases  the  bacteria  are  not  found  in  the  blood,  and  the 
disintegration  of  the  cori^uscles  cannot  \)e  confirmed  by  microscopi- 
cal examination. 

Thirdl.v,  it  was  suggested  that  the  bacteria  might  prove  harmful 
by  consuming  to  a  marked  extent  the  proteids  of  the  organism  and 
thus  depriving  the  animal  of  its  sustenance.  It  is  a  well-known  fact 
that  microorganisms  grow  abundantly  in  solutions  of  certain  pro- 
teids and  thus  the  cells  of  certain  organs  might  be  so  impoverished 
that  they  could  not  normally  perform  their  functions.  That  this 
theory  is  not  satisfactory  must  be  evident  on  the  most  superficial 
in<iuiry.  In  the  first  place,  many  of  the  infectious  diseases  destroy 
life  so  si)eedily  that  the  fatal  effects  cannot  be  due  to  the  constimp- 
tiou  of  any  large  proiKirtion  of  the  proteids  of  the  body.  In  the 
second  place,  the  location  and  limitation  of  the  infecting  micro- 
organisms are  often  such  that  they  come  in  contact  with  only  a  very 
small  amount  of  the  proteid  tissue.  Thirdly,  the  symptoms  are  not 
those  of  starvation.  It  in  true  that  many  of  the  infectious  diseases 
are  accompanied  by  marked  marasmus,  but  this  is  due  to  faulty 
digestion  or  assimilation,  or  to  hastened  metabolism,  as  in  those 
disorders  which  are  accompanied  by  severe  febrile  manifestations; 
but  even  the  fever  is  not  due  to  the  large  consumption  of  proteid 
tissue  by  the  bacteria. 

Tlie  mechanical-interference  theory  is  the  one  that  has  found  its 
strongest  support  in  the  study  of  anthrax.  If  a  section  from  a  kid- 
ney or  the  liver  of  a  guinea-pig  dead  from  anthrax  be  proi)erly 
stained  and  examined  under  the  microscoj^e,  the  bacilli  will  often  be 
found  to  be  present  in  such  large  numbers  that  they  form  emboli, 
which  not  only  fill,  but  actually  distend  the  capillaries  and  larger 
blood-vessels,  and  thus  interfere  with  the  normal  functions  of  these 
organs.  Similar  conditions  are  sometimes  observed  in  the  spleen 
and  lungs.     From  these  appearances  it  was  inferred  that  the  bacilli 
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produce  the  diseased  condition  simply  by  accumulating  in  large 
numbers  iu  these  important  organs  and  thus  mechanically  interrapt- 
ing  tlieir  functions.  Toussaint  thought  that  the  symptoms  and 
death  iu  anthrax  might  be  due  to  stoppage  of  the  pulmonary  circu- 
lation by  the  formation  of  emboli  in  the  lungs.  However,  that  this 
is  a  frequent  occurrence  has  been  shown  not  to  be  true  by  repeated 
post-mortem  examinations.  This  theory  never  found  support  in 
any  other  disease  than  anthrax.  However,  I  am  inclined  to  think 
that  if  similar  conditions  had  been  found  in  the  other  infectious  dis- 
eases, this  would  have  long  remained  the  dominant  theory,  and  I  am 
not  ready  to  deny  that  mechanical  interference  can  be  entirely  over- 
looked in  anthrax  any  more  than  it  can  iu  diphtheria,  in  which  there 
can  be  no  doubt  that  death  sometimes  results  from  the  filling  of 
the  larynx  with  false  membrane.  Moreover,  the  difficulty  which  the 
chemist  has  exiterienced  in  discovering  any  powerful  poison  in  an- 
thrax cultuies  would  have  given  material  aid  to  this  theory  had  an- 
thrax been  the  only  disease  studied  or  had  similar  conditions  been 
found  iu  tlie  f)ther  bacterial  diseases.  However,  the  inapplicability 
of  the  theory  of  mechanical  interference  to  tetanus,  to  most  cases  of 
diphtheria,  to  tyi)hoid  fever,  to  Asiatic  cholera,  and  even  to  the  septi- 
cremias  other  than  anthrax,  is  self-evident. 

The  vital  deficiencies  in  the  above-mentioned  theories  being  so 
self-evi(l(nit,  the  bacteriologist  has  been  led  to  give  his  attention  to 
the  chemical  products  of  bacterial  activity,  and  in  doing  so  he  has 
undoubtp(ll\  found  the  true  answer  to  the  question,  how  do  germs 
induce  disease?  Tlie  chemical  theory  of  the  action  of  bacteria  ad- 
mits of  several  possibilities,  some  of  which  will  be  briefly  discussed. 

1.  Tlie  bacterium  may  elaborate  a  soluble  chemical  ferment, 
which  l)y  its  action  f)n  tlie  animal  body  causes  the  symptoms  of  the 
disease  and  induces  death.  That  many  bacteria  do  produce  chem- 
ical ferments  has  been  demonstrated.  Both  diastatic  and  peptic 
ferments  liave  been  obtained  from  cultures  of  certain  bacteria,  and 
it  is  not  alto^'ether  improbable  that  the  peptic  ferment,  at  least,  maj- 
play  a  i)art  in  breaking  up  the  continuity  of  the  tissues  in  which  the 
bacteria  arnw.  Bitter  has  shown  that  the  bacillus  of  Asiatic  cholera, 
wlien  grown  in  1)eef-pept()U0  cultures,  produces  a  ferment  which  may 
remain  active  after  tlie  bacillus  has  been  destroyed.  This  ferment 
may  convert  a  larg<!  amount  of  coagulated  albumin  into  peptones. 
It  resembles  paucreatin  more  than  j)e])sin  inasmuch  as  it  is  more 
active  in  alkaline  than  in  acid  solutions.  Tliis  resemblance  to  pan- 
creatin  is  furtlier  shown  liy  the  fact  that  its  activity  is  increased  by 
the  presence  of  certain  chemicals,  such  as  sodium  carbonate  and 
sodium  salicylate.     Fermi  has  isolated  this  ferment  in  the  following 
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manner :  To  gelatiu,  which  has  been  liquefied  by  the  cholera  bacillus, 
sixty-five-per-cent.  alcohol  is  aiidetl.  This  precipitates  the  proteids, 
but  not  the  ferment.  Alter  twenty -four  hours  the  insoluble  proteid  is 
removed  hy  filtration,  and  the  ferment  is  jirecipitated  from  the  fil- 
trate by  the  addition  of  absolute  alcohol.  Tliis  preei|)itated  ferment 
may  be  dried,  dissolved  in  an  atjueous  solution  oi  thymol,  and  its 
Iieptoniziny  properties  demonstrated  on  tj;elatiu  or  coagulatetl  al- 
bumin. Riet«t'h  believes  that  the  destructive  chnngea  obaen-ed  in 
the  intestines  in  cholera  are  due  to  the  action  of  this  pej)touizing  fer- 
ment. These  and  other  experiments  have  shown  that  bacteria  may 
produce  soluble  chemical  ferments,  and  it  will  appear  later  that 
some  of  the  specific  toxins  liave  certain  resemblances  to  those  im- 
perfectly known  bodies  designated  as  chemical  ferments. 

2.  The  germ  may,  either  by  its  direct  action  as  a  living  ferment, 
or  indirectly  through  a  soluble  cliemical  ferment  secreted  by  itself, 
split  up  some  of  the  complex  proteid  constituents  nf  the  f)rgauism 
into  simpler  bodies,  among  which  there  may  be  poisonous  sub- 
stances. The  action,  according  to  this  theory,  would  lie  similar  to 
that  by  which  the  yeast  plant  s]ilits  up  the  sugar  niolpcules  into  car- 
bonic-acid gas  and  aleoliol.  That  some  nf  the  patliogeuic  bacteria 
have  such  a  cleavage  effect  upon  jiroteid  moleciiles  is  denionstratcd 
by  the  fjict  that  their  jirnducts  vary  vrith  the  constituents  of  the  nu- 
tritive media  in  which  tliey  are  grown.  Brieger  found  that  although 
the  Eberth  bacillus  grows  well  in  solutions  f>f  peptone,  it  does  not 
in  this  medium  elaborate  any  poisonous  basic  jirodncts;  while  from 
cultures  of  the  same  bacillus  iu  Wef-tea  he  obtained  an  active  alka- 
loidal  body.  Fitz  observed  that  while  the  bacillus  butyricus  i)ro- 
duces  butyric  acid  by  its  action  on  carbohydrates,  in  glycerin  it 
forms  propylic  alcohol;  and  Morin  has  found  amy  lie  alcohol  among 
the  chemical  products  of  this  germ.  Brown  has  ascertained  that 
while  the  mycmlenna  aceti  converts  ethyl ic  alcohol  into  acetic  acid, 
it  converts  propylic  alcohol  into  propiimic  acid,  and  is  without  effect 
upon  methylic  alcohol,  prinuiry  isobutylic  alcohol,  and  amylic  alco- 
hol. While  the  last-mentioned  bacteria  are  not  pathogenic,  a  study 
of  their  activities  gives  us  reasonable  assurance  that  at  least  some  of 
the  harmful  products  of  the  s])Pcific  bacteria  may  originate  in  a  simi- 
lar manner.  This  theory  of  the  cleavage  action  of  iKicteria  dops  not 
necessitate  the  supposition  that  the  ]>oisouou9  substances  have  been 
an  integral  part  of  the  bacterial  cells.  It  assumes  that  the  bacteria 
have  an  analytical  action  ujvon  constituents  of  the  animal  tissue, 
splitting  comple.t  bodies  into  those  of  simjiler  stnictnres. 

3.  The  bacteria  may  ccmvert  their  food  into  poisonous  sub- 
stances.    This  conversion  of  inert  into  poisonous  material  may  occur 
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(luring  the  process  of  assimilation,  i.e.,  the  content  of  the  bacterial 
cell  may  be  the  active  agent,  or  the  conversion  may  occur  during  the 
process  of  elimination  from  the  bacterial  cell.  That  some  of  the 
pathogenic  bacteria  may  act  synthetically  or  constructively  in  the 
elaboration  of  their  si)ecific  poisons  has  been  demonstrated.  Thus 
it  has  Ijeeu  shown  that  the  bacilli  of  tetanus,  diphtheria,  and  other 
diseases,  when  grown  in  media  wholly  free  from  proteids,  will  form 
proteid  poisons.  This  can  be  accomplished  ojoly  by  a  synthetical 
process.  It  is  probable  that  the  specific  toxins  are  formed  altogether 
in  this  way. 

While  bacteria  may  act  diversely  in  the  production  of  their  spe- 
cific poisons,  there  can  no  longer  be  any  doubt  that  it  is  by  virtue  of 
their  chemical  ])ro(lucts  that  they  induce  disease.  The  formation  of 
chemical  poisons  is  the  only  ])088ible  explanation  of  the  symptoms 
induced  by  the  bacilli  of  such  diseases  as  tetanus  and  diphtheria,  in 
which  the  germs  arc  confined  to  relatively  small  areas  and  do  not 
find  their  way  into  the  circulation.  Moreover,  it  has  been  positively 
demonstrated  that  the  pathogenic  bacteria  do  elaborate  poisons  and 
that  animals  treated  with  these  chemical  products  manifest  the  symp- 
toms of  the  disease,  succumb  to  doses  sufficiently'  large,  and  in  some 
instances  show  the  same  lesioas  as  those  found  in  the  animal  dead 
from  inoculation  with  the  linng  germ.  A  further  demonstration  of 
the  trutii  of  these  statements  has  been  obtained  by  the  actual  detec- 
tion of  the  chemical  j)oison  in  the  bodies  of  animals  killed  by  in- 
oculation with  the  bacteria.  It  was  for  a  while  argued  by  some 
that  the  formation  of  chemical  poi.sous  in  the  dead  matter  of  meat- 
brotli  and  otiier  culture  media  by  the  germ  does  not  prove  that  the 
same  agent  is  capable  of  forming  the  same  or  similar  products  within 
the  living  body;  but  the  isolation  of  tetanin  by  Brieger  from  the 
ani])utat<^>d  arm  of  ji  man  with  tetanus  sui)])lied  the  first  experimental 
answer  to  this  criticism,  and  later  other  bacterial  poisons  have  been 
obtained  from  the  bodies  of  men  and  the  lower  animals.  We  now 
expect  to  find  each  s]K!cific  ])athogenic  microorganism  producing  its 
chariicteristic  ))oison  or  poisons. 

Some  years  ago  the  writer  formulated  the  foUowing  definition  of 
an  infectious  disease,  and  recent  investigations  have  confirmed  its 
a])plica1>ility  : 

.■\n  iiifectiou><  disease  arises  when  a  si)ecific  pathogenic  micro- 
organism, liaving  gained  admission  to  the  body,  and  having  found 
tlie  conditions  favorable,  grows  and  multiplies,  and  in  so  doing  elab- 
orates a  clieniical  ])oison  which  induces  its  characteristic  eflfects. 

A  study  of  the  chemistry  of  bacteria  has  not  only  enabled  us  to 
und(>rstand  how  germs  cause  disease,  but  it  has  been  of  value  in  de- 
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terroining  the  relation  of  certain  bacteria  to  diseaae.  The  third  aud 
fourth  of  Koch's  rules  Lave  iu  aorae  cases  beeu  difficult  of  appliea- 
tioii,  l>eeau8e  the  lower  auiuials  are  ofteu  iinmuiie  to  many  of  the  tlis- 
eases  to  which  luan  is  snsceptihle.  Iu  all  sucli  cases  the  study  of 
the  effects  of  the  chemical  poisous  of  these  Ixicteria  on  the  lower 
animals  may  I>e  of  great  sennce.  A  given  liactorinni  may  not  multi- 
ply in  the  circulating  blood  nor  iu  the  living  tissues  of  a  dog,  Imt 
failure  to  do  this  does  not  prove  that  the  same  germ  miglit  not  cause 
disease  in  man;  since  every  bacterium  that  causes  di  iease  does  so  by 
virtue  of  its  chemical  products,  if  tlieae  be  isolati^d  uud  injected  into 
the  dog  iu  sufficient  (|uantity  a  poisonous  effect  will  most  likely 
follow.  Tliis  is  not  always  true,  because  auiiuals  difl'cr  widely  iu 
tlieir  susceptibility  t<i  tiie  chemical  poisons,  but  a  study  of  tb(>  iictiou 
of  the  chemical  products  has  l>een  of  great  8er\nce.  Thus  a  rat  may 
eat  largely  of  poisonous  cheese  without  being  injuriously  atTected, 
but  if  the  harmful  microorganism  iu  the  chwsc  l)e  isolated,  grown 
in  pure  culture,  and  its  chemical  poison  obtjiined,  the  injection  of  a 
sufficiently  large  quantity  of  this  into  the  animal  will  cause  speedy 
death. 

Again,  the  study  of  the  chemistry  of  bacteria  has  shown  u.s  that 
there  are  mauy  germs  that  do  not  grow  at  all  u]»on  living  matter,  but 
which  may  cause  disease  and  death  through  the  agency  of  clicmical 
poisons  formed  iu  footl  l>efore  it  is  eaten  or  after  it  has  l)een  tjiken 
into  tlie  alimentary  canal. 

CL.\S8IFICATI0S    of   BAtTEUIAL   P0I8ON8. 

It  is  quite  impossible  to  classify  satisfactorily  the  bacteria]  poi- 
sons at  the  present  time;  however,  a  lu-ovisional  classification  will 
be  offered. 

Ptomains. 

Some  of  the  chemical  ]irodui'ts  of  baftorial  growth  combine  with 
certain  mineral  and  vegetable  at'iils,  forming  deliuite  clicmifal  salts, 
correspontling  iu  this  respect  at  least  with  the  inorganic  and  organic 
bases.  The  meral)ers  of  this  chiss  are  ilesigtiatcd  as  ]itoiiini]is,  ji 
name  suggested  by  an  Italian  toxiuologist,  Solmi,  and  derived  from 
the  Greek  word  -t<S/i«,  meaning  cadaver.  The  term  ptomatin  is  })re- 
ferred  liy  Koliert  on  the  ground  that  ftymologically  it  is  more  cor- 
rect. A  ptomaiu  may  lie  defined  as  an  organic  chemical  com])ouuil, 
basic  in  character  and  formed  by  the  action  of  bacteria  on  nitroge- 
nous matter.  On  account  of  their  basic  jiroperties,  iu  which  they 
resemble  the  vegehible  alkaloids,  i>tomaiua  ma\'  be  called  jiutrof active 


10  TAUGHAN — PTOMAInS,   TOXINS,   AND  LECOOMAINS. 

or  bacterial  alkaloids.  They  have  been  called  animal  alkaloids,  bat 
this  is  a  misnomer,  because  in  the  first  place  some  of  them  are 
formed  by  the  action  of  bacteria  on  vegetable  proteids ;  and  in  the 
second  place  the  term  "  animal  alkaloid"  is  more  strictly  applicable 
to  the  leucomains,  those  basic  bodies  that  result  from  tissue  metabo- 
lism in  the  animal  body.  All  ptomal'ns  contain  nitrogen  as  an  essen- 
tial part  of  their  basic  nature.  In  this  respect  also  they  resemble 
the  vegetable  alkaloids.  Some  of  them  contain  oxygen,  while  others 
do  not.  The  former  correspond  to  the  fixed  alkaloids,  while  the 
latter  resemble  the  volatile  alkaloids,  nicotine  and  coniine.  The  kind 
of  ptomain  formed  depends  upon  the  germ  producing  it,  the  material 
on  which  it  grows,  and  the  conditions  under  which  it  grows — such 
as  tlie  temperature,  the  amount  of  oxygen  present,  and  the  stage  of 
growth  reached. 

Poisonous  action  is  not  an  essential  property  of  ptomains.  It  is 
only  necessary  that  the  substance  should  be  of  bacterial  origin  and 
should  be  basic  iu  its  behavior  towards  acid,  in  order  for  it  to  be 
classed  in  this  gron[).  Indeed,  many  of  the  j)tomains  so  far  isolated 
are  not,  when  administered  in  single  doses  at  least,  poisonous. 
Brieger  has  suggested  that  the  term' ptomain  be  restricted  to  the  non- 
poisonous  l)fictoriHl  bases,  and  that  the  poisonous  ones  be  denomi- 
nated "t()xin.s."  Fortunately,  this  suggestion  has  not  been  adopted, 
and  in  the  mean  time  the  term  toxin  has  come  into  use  to  designate 
(iuit<i  ii  diffcKMit  class  of  bacterial  products.  Moreover,  the  jxjisonous 
efi'oct  t)f  a  given  substance  is  largel}'  a  relative  matter.  WhUe  a 
single  admiiiistratinu  of  a  given  substance,  even  in  large  quantity, 
may  bo  followed  by  no  visible  or  lasting  effects,  the  continued  pro- 
duction f)f  the  same  substance  in  the  body  for  days  or  weeks  might 
be  accompanied  by  most  disastrous  conse(]uences. 

Tlie  i)t()maiiis  are  not  tlie  most  important  or  characteristic  prod- 
ui-ts  of  bacterial  action.  Indeed,  the  most  recent  researclies  in  this 
(lej>artmeiit  f)f  etiology  have  demousti'ated  that  the  ptomain  must  be 
relegated  to  tlie  class  of  less  important  bodies  concerned  in  the  pro- 
duction of  the  symptoms  of  disease.  When  it  became  known  that 
some  of  the  siiecific  pathogenic  germs  elaborate,  Iwth  in  artificial 
cultmi's  and  in  suscejjtiblo  animals,  poisonous  basic  substances,  it 
was  surmised  tliat  the  symjitoms  of  the  diseases  induced  by  the 
microorj^auism  w(>re  due  in  all  cases  to  such  basic  poisons,  and 
many  chemists  labored  diligently  to  isolate  fi'om  cultures  of  each 
germ  its  special  basic  i)roducts.  These  labors,  however,  soon  led  to 
the  conchision  that  this  assumption  had  Ijeen  too  hastily  reached. 
It  was  found  to  be  true  that  the  symptoms  of  each  and  every  infec- 
tious disease  investigated  are  due  to  the  chemical  products  of  the 
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bacterium,  but  thewe  cheiuiciil  jn-iniuctn  are  not  ^jenerally  basic  iu 
character,  and  consecjuently  cannot  be  classed  amony  the  ptomains. 
Indeed,  we  do  not  know  a  8|)ecilic  infections  disease,  tlie  symjitoms 
of  which  are  thie  aoleh-  to  pt<>raaiu8.  The  most  active  poifinus  found 
amnut;  the  Imcterial  products  lieloufj  to  another  Rroup,  and  this  will 
be  dificusHcd  later. 

The  foUowiuj"  i«  n  list  of  the  ptoinains  reported  U]>  to  the  [ireseut 
■writing,  with  a  brief  fltatemeut  of  the  conditiou«  under  wliicli  they 
are  formed  aud  of  their  most  impoi-tiuit  prn|>erties: 

jUctlii/kuiiui,  CHj.NH,.  —  Found  in  herring  brine  and  in  decom- 
posing fish  of  v(u-icaia  kinds.  Brieger  found  this  Imse  in  laeef-broth 
cultures  of  the  comma  hiicillus  kept  for  six  weeks  at  37"  to  38  C. 
Ehreuberg  1>elieved  that  he  detecte<l  it  in  poisonous  sausage,  and 
olitrtined  it  from  cultures  of  a  bacillus  found  iu  the  sausage.  It  is, 
Imwevor,  uou-|joi8onous,  and  is  of  flienucid  iuterost  onl.v.  It  is  an 
easily  iuilammable  gas,  of  strung  ammoniai-al  odor,  anil  is  readily 
Bolulile  in  water. 

UiincfJii/hiiiiiii,  (CH,),.NH, — Fouiul  in  putrefying  gehitiu  and 
yea-st.  It  lias  also  been  obtained  from  herring  l>riDe,  dei'iinii)oHiiig 
fish,  and  poisonous  sausagf.  It  is  non-poisonous,  is  a  gas  at  ordi- 
nary temperature,  but  can  be  condensed  to  a  liquid  that  boils  at  H  to 
9   C. 

Trimethiflmniu,  (CH,),N. — Has  been  found  in  various  kinds  of  de- 
composing vegetable  nud  animal  tissue.  It  may  l>e  (|uiti>  abundantly 
pre^ient  iu  herring  brine.  It  is  au  interesting  fact  tiiat  trimi'thylamiu 
has  been  obtained  from  ergot,  but  according  to  Brieger  it  does  not 
exist  preformeil  in  this  mould,  but  results  from  the  s])]itting  iiji  of 
the  cholin  by  the  jjrocesses  resorted  in  in  extraetiun.  It  has  been 
found  in  cultures  of  the  comma  bacillus,  of  strojitocoi'cus  pyogenes, 
and  of  pro teiis  vulgaris.  The  free  base  is  a  bipiid  at  ordinary  tem- 
perature, jiossessed  of  a  peuetratiug  fishy  odor,  and  is  jioisomjus  only 
when  administered  iu  large  (piantitieH.     The  Iwise  boils  at  51.3''  C 

El/iylniiiiii,  C,H,.NH,.—Ethy lamia  lias  b't'ii  found  iu  the  distilla- 
tion products  of  beet-sugar  residues,  in  decomposing  yeast,  and 
wheat  flour.  It  is  an  ammoniacal  liipiid,  with  a  boiling-point  of 
18.7"  C     It  is  not  poisoncuis. 

Dietinjknulii,  (C,H,),.\H,. — This  base  has  1m='cu  obtained  from 
decomposing  fish  and  poisonous  sausage.  It  is  an  inflammable 
liquid,  with  a  boiling-point  of  57..')"  C,  and  is  devoid  of  jioisonous 
properties. 

TrieihyJatnui,  (C,Hj,N. — Fouud  in  decomposing  fish  and  poi.son- 
ous  sausage.  It  is  a  liquid,  boiling  at  89"  C,  slightly  soluble  in 
water,  and  uon-poiaonoua. 
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Propykiinhi,  C3H7NH,.  —  There  are  two  propylamins,  CH,- 
CH,CH,.NH,  ami  (CH,),.CH.NH,.  The  former  i3  the  normal  com- 
pound, is  a  li<iuicl  base,  and  boils  at  48°  C.  The  second  is  iso- 
propylamin,  aud  boils  at  31.5°  C.  Propylamin  has  been  obtained 
from  mixed  cultures  of  the  bacteria  of  fueces.     It  is  non-poisonous. 

liiitijlumw,  C.H,,N. — Has  been  found  in  cod-liver  oil.  It  is  a 
colorless  liciuid,  boiling  at  86^  C.  It  is  diaphoretic  and  diuretic,  and 
in  large  doHes  causes  stupor  and  vomiting. 

hoamijlatniu,  (CH,),.CH.CH..CH,.NH,. — Found  in  decomposing 
yeast  and  in  cod-liver  oil.  It  is  an  alkaline  liquid,  possessed  of  a 
l>leasant  odor,  and  l>oiling  at  98°  C.  It  is  an  active  poison,  causing 
convulsions  aud  death. 

Oiproi/lamiii,  C,H,jN.  —  Hager  obtained  from  putrid  material 
what  lie  thought  to  lie  a  mixture  of  amylamin  and  caproylamin,  and 
named  it  septiciu.  Caproylamin  resembles  amylamin  in  its  action, 
but  is  less  poisonous. 

Ti'ttitiotn.viu,  CjH,,N  (?). — Was  found  by  Brieger  and  others  in 
cultures  of  the  tetanus  bacillus.  It  causes  tremor,  paralysis,  and 
convulsi(ms. 

SjMisiiiofoxiii. — The  composition  of  this  base  has  not  been  deter- 
mined. It  is  found  in  cultures  of  the  tetanus  bacillus,  and  induces 
violent  convnilsions. 

lJl/ii/i/rolnll(liii,  C,H,,N. — This  is  an  oily,  caustic  liquid,  boiling 
at  !'.)'.>  C,  and  found  in  cotl-liver  oil.  It  is  feebly  poisonous,  large 
doses  I  ausinK  de])ression,  broken  by  periods  of  great  excitement,  and 
leading;  to  paralysis  of  the  posterior  extremities  aud  death. 

('oUhHii  {?),  C,H,,N. — Tliis  substance  possesses  the  distinction  of 
beiiij;  tlie  first  ])toniaiu  obtained  in  a  chemically  pure  condition.  It 
was  isolated  by  Nencki,  in  187fi,  from  decomposing  pancreas  and 
gelatin.  It  is  isomeric,  but  not  identical  with  aldehyde-collidin. 
It  is  a  sinii)y  liquid,  of  nauseous,  bitter  taste. 

Piji-'kHii  Itdsc  (?),  C.H,,N. — This  is  isomeric  with  coUidin  and  the 
base  just  deserilx'd.  It  was  found  in  putrefying  sea  polyps,  is  a 
liquid,  only  slightly  soluble  in  water,  aud  boils  at  202°  C.  There 
have  IxM'ii  no  exact  studies  concerning  the  action  of  this  and  the 
l)rcf(Mlin<^  base. 

//i/i/,-fir,,/!iiliii,  C.H,,N. — This  base  has  l)eeu  found  in  decomposing 
fli'sh  from  various  sources.  It  is  a  colorless,  oily  liquid,  with  a  pene- 
trating' odor  like  that  of  syriuga.  It  boils  at  205'  C.  This  base  is 
markedly  |)r)isonous.  A  dose  of  1.7  mgm.  was  injected  under  the 
skin  of  a  bird,  and  caused  loss  of  co(")rdination  of  movement,  fol- 
lowed by  ]iaralysis  ;ind  death.  A  quantity  ten  times  as  large  caused 
vomiting,  eonvulsions,  i)aralysis,  and  death. 
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Parvolin,  C,H„N.^ — This  base  has  beeu  found  iu  deeoiui»oaiuy 
mackerel  and  liorae-flesli.  Its  identity  with  synthetical  parvolin  is 
probable,  although  not  fully  established.  We  iwssess  no  positive 
iuforination  eonceruiug  its  at'tiou. 

Vnnamai  Base,  C,„HnN. — Found  in  deeomposiug  librin  and  jelly- 
fish. It  18  a  brownish  oil,  posaesaiug  a  feeble,  unpleiisant,  couiiue- 
like  otlor.  In  its  action  it  resemblea  curare,  but  in  lews  potent.  It 
causes  iu  frogs  dilatation  of  the  pupils,  slowing  of  the  respiration, 
and  iiiusculur  ]>aralysi8. 

ri/ridlii  //(MP  (■*),  C,.HnN. — This  substance  hiw  Iteeu  obtained 
from  sea  jxilyps  in  an  atlvanced  stiigt^  of  putrefaction.  It  forms  a 
yellow,  viscous  liijuid,  with  an  odor  rpsenibliu^,'  that  of  liloojiiiug 
broou).  It  Iwils  at  about  230"  C,  at  which  temperature  it  begins  Id 
decomiKwe.  It  is  only  slightly  soluble  in  water,  ami  its  jiliysiolt)gi- 
cal  action  has  not  l>eeu  studied. 

Uiiiiameil  Base,  C„H,,N. — This  base  forms  a  eolorleSH,  oily  tiuid, 
with  a  hawthorue-like  ixlor.  Its  action  iw  said  to  resemble  tli.tt  of 
veratrin. 

EtfnjlkleimUamin  (V),  C,H.N,. — This  base  is  jiroliably  not  identi- 
cal with  ethylidenediamin.  In  mice  and  guinea-pigs  it  causes  a  free 
secretion  from  the  mouth,  nose,  and  eyes.  The  pu])ils  are  dilated 
and  the  eyc^balls  protrude.  Dyspuiwi  comes  (m  and  d<'ath  occurs 
after  twenty -four  hoiii-s.     The  heart  is  arrested  iu  diastole. 

Aiifhrariii,  C,Hh^;- — Obbiined  by  Hoffa  from  jiurc  cultures  of  the 
authrax  bacillus,  in  whicli,  liowever,  it  e.xists  iu  very  small  <[Uautity. 
It  causes  at  first  increiised  respiration  and  acti()n  of  the  heart;  tlieii 
the  respirations  Income  deep,  slow,  and  irregular;  the  temperahuc 
falls  Ijelow  the  normal,  the  pujiils  are  dilated,  and  a  blooilv  iHairluia 
sets  in.  On  section  the  heart  is  found  contracted,  the  blood  is  dark, 
and  ecchymoses  are  ot>served  in  the  pericardium  aud  ju'ritoiieuiu. 
Hoffa  claims  to  have  fouud  this  ptjisou  in  the  bodies  of  auimal.s  dead 
of  anthrax. 

Tnnulhijk-iiediaintn  (V),  C,H,N,.  —  Fouud  b\  Brieger  iu  culturt-s 
of  the  comma  bacillus  ou  l>eef-broth.  It  causes  muscular  treuior  aud 
violent  convidsions. 

Putn'ncu),  C,H„N,.^This  diamin  is  a  frt'iiurut  product  of  bacte- 
rial actinty  aud  it  has  lieen  fouud  with  cadavcriu  in  the  ui  iuf  iu 
cystimiria.  It  is  a  watery  fluid,  with  a  semen-like  odor,  aud  lioils  at 
l;^8'  C.     It  is  but  feebly  pfiisouous. 

Cdduvei'in,  C,H,.N,.— Fouud  with  putresciu  as  a  fii'nueid  lumluct 
of  Imcterial  growth  aud  in  the  uriue  iu  cystiuuria.  It  has  been  sug- 
ge.sted  that  the  peculiar  odor  of  cholera  stools  uuV'ht  be  due  to  i*aila- 
verin.  but  Roos  was  not  able  to  detect  this  base  in  the  rice-vv;iter  <lis- 
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charges;  however,  he  did  find  both  putrescin  and  cadaveri 
diarrhoeal  stools  in  which  he  also  found  a  coliform  bacilliis. 
possible  that  the  coniine-like  body  that  has  been  so  frequentl; 
served  in  toxicological  examinations  may  be  cadaverin.  It  has 
shown  that  both  putrescin  and  cadaverin  have  a  marked  local  e: 
causing  inflammation  and  necrosis.  It  is  probable  that  the  nee 
of  the  intestinal  epithelial  tissue  in  cholera  may  be  due  to  the  d 
action  of  these  bases.  However,  dogs  fed  upon  very  large  quani 
of  cadaverin  show  no  signs  of  intestinal  irritation.  It  is  also  pi 
l)le  that  the  cystitis  that  invariably  accompanies  cystinuria  mf 
due  to  the  action  of  these  bases  upon  the  mucous  membrane  o: 
bladder.  Cadaverin  is  one  of  the  substances  that  may  cause  su 
ration  without  bacteria. 

yeuridin,  C.H,,N,,. — Neuridin  is  one  of  the  most  common  j 
ucts  of  i)utrefactiou,  but  is  wholly  inert. 

Sapiii,  CjHi^N,. — This  base  is  isomeric  with  cadaverin  and  n 
din,  and  is  without  poisonous  action. 

Hcrdiiief/ii/knediamm,  C,H,„N,. — Found  by  Garcia  in  a  decon 
ing  mixture  of  i)aut!reas  and  muscle.  Physiologically  it  is  prol 
inert. 

Unnuiiuil  Bane,  C,ll,„0,. — This  is  a  basic  substance  formed  di 
the  alcoliolic  fermentation  of  crude  sugars.  It  is  not  known  t 
])ossessed  of  any  medical  interest. 

Siixoloxin,  C,„H.,,N,  (?). — Novy  obtained  this  ptomain  from 
tures  of  the  bacillus  of  hog-cholera.  It  is  feebly  poisonous, 
liundrt'd  milligrams  administered  to  a  small  rat  caused  convB 
tremors  and  death  after  one  and  one-half  hours.  Section  showe( 
lieart  in  diastole,  tlie  lungs  anannic,  the  stomach  contracted,  an( 
subcutaneous  tissue  pale  and  anlematous. 

Milhijl  (iiiaiiiiHii,  CjHjNj.— This  base  has  long  been  known  i 
oxiil.itioi)  produit  of  kreatiu  and  kreatinin,  and  several  bacilli 
the  i)f>w(>r  of  originating  it.  It  has  been  found  in  cultures  o: 
b.icilli  of  anthrax  and  Asiatic  cholera,  as  well  as  in  tissue  under^ 
(lisiut<>Kiation  through  the  agency  of  the  ordinary  putrefactive  b 
ria.  In  its  i)hysiological  action,  the  putrefactive  base  is  idei 
witli  that  i)roi>urcd  synthetically.  It  causes  dyspncaa,  mus 
tremor,  and  j^(>neral  convulsions.  Brieger  reports  the  folio 
o1)sei'vation  on  a  guiuea-pig  to  wliich  0.2  gni.  of  methyl  guanidir 
been  administered  sul)cutaueously :  The  res])irations  at  once  be 
more  rapid;  there  were  free  discharges  of  urine  and  fa'ces;  the  p 
rapidly  dilated  to  the  maximum  and  came  to  rest;  the  animal  be 
motionless,  although  not  paralyzed;  resjiirations  grew  deeper 
ni'ii'i"  l;d)oivil;  dys[)n(ea  set  in,  the  animal  M\  upon  its  side,  and 
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after  general  clonic  oonvulsions  within  twentj'  minutes  after  the 
administration.  Section  showed  the  heart  in  diastole,  the  intestines 
filled  with  fluid,  the  bladder  contracted,  and  the  cortex  of  the  kidney 
h.vpersemic,  but  the  papillte  pale. 

31o>rktiii»,  C„H„N,.— This  substance  constitutes  about  one-third 
of  the  total  bases  found  in  cod-liver  oil.  It  is  said  to  be  lx)th  dia- 
phoretic and  diuretic.  Twenty-nine  miUij^rams  administered  to  a 
guinea-pig  caused  a  loss  of  13.5  gm.  in  weiglit  within  two  and  one- 
half  hours.  However,  its  toxic  action  in  not  marked,  and  the  lethal 
dose  has  not,  so  far  as  I  know,  been  determiupil. 

Vmiamed  Baw,  C,,H„0,. — This  Imse  was  obbiined  by  Oser  in  the 
fermentation  products  resulting  from  the  action  of  yeast  on  jnire  I'auo 
sugar.  It  probably  possesses  no  medicinal  or  jihysiolDgical  impor- 
tance. 

Ui  I  named  Base,  C„H,,N,.— This  substance  was  <jbtaiuod  liy  Gau- 
tier  and  Etard  from  decoraposing  matter,  but  it«  jjriiperties  have  not 
been  studied  sufliciently  to  indicate  whether  or  not  it  is  of  impor- 
tance. 

AseUin,  C.jH,^,, — This  is  one  of  six  bases  that  have  lieeu  found 
in  cod-liver  oil.  In  large  doses  it  is  said  to  cause  rapid  resjii ration 
and  stupor. 

Ml/din,  C,H,,NO. — This  is  a  uon-]K)isouous  liase  obtained  from 
the  decomposing  viscera  of  man.  It  is  strongly  ammouiacal  and  acts 
energetically  as  a  reducing  agent. 

NeuriH,  CjH.jNO. — This  substance  was  tii-st  obtained  by  Lieh- 
reich  by  boiling  protagon  with  concentrated  baryta.  Since  tlien  it 
has  Iwen  found  in  decomposing  animal  tissne  from  (liv(^rse  sources. 
The  free  base  has  a  strongly  alkaline  reaction,  and  when  brought  into 
contact  with  vapor  of  hydrot^hloric  acid  forms  a  white  cloud.  Neu- 
rin  is  intensely  poisonous,  resembling  miiscariii  in  its  action.  In 
frogs  very  small  amounts  cause  complete  paralysis  nf  the  extremities. 
Bespiration  c-eases  first,  and  the  heart  lieats  more  and  more  feebly, 
and  finally  stops  in  diastole.  If  at  this  ])oint  atrnjiiue  be  injected, 
the  heart  begins  to  beat  again.  Frogs  previously  atr(i]>iiiized  liear 
poisonous  doses  without  ill  effect.  In  rabbits  there  is  abundant  flow 
of  saliva  jmd  of  the  secretions  from  tlie  nose  and  eyes.  At  first  tlie 
heart  beat  seems  to  Ije  strengtbeneil,  then  it  slows  dnwu,  and  sto])s  in 
diastole.  The  peristaltic  movements  of  the  intestines  are  increased 
and  profuse  diarrhoea  results.  Death  is  often  preceded  by  violent 
convulsions. 

Ckolin,  C.HjjNO,. — Cholin  was  first  olifjiined  from  bile.  It  hiis 
since  been  found  to  lie  widely  distributed  I>oth  in  vegebddcM  and  ani- 
mals,   being  present  in   toadstool,  hops,    hempseed,  lentils,    white 


16         VAUGHAN— PTOMAlNS,  TOXINS,  AND  LEUCOMAINS. 

mustard,  ergot,  iu  iiuts  of  di£ferent  kinds,  in  the  seed  of  vetch,  peas, 
beaus,  lupines,  etc.,  also  in  the  yolks  of  eggs,  in  the  brain,  blood, 
lungs,  heart,  etc.  As  a  decomposition  product  it  is  frequently  met 
with.  Choliu,  while  not  wholly  devoid  of  poisonous  properties,  is 
toxic  ouly  iu  large  doses,  and  the  chief  interest  attached  to  it  in  our 
preseut  study  lies  in  its  close  relationship  to  neurin.  By  giving  up 
a  molecule  of  water,  the  comparatively  inert  choliu  may  be  trans- 
formed iuto  the  highly  poisonous  neurin.  This  decomixwition  would 
eiusily  explaiu  the  rajiid  development  of  poisonous  proi)ertie8  in 
ordiuary  foods,  kuowu  to  occur  occasionally.  On  the  other  hand,  it 
has  lieeu  suggested  that  in  attempts  to  isolate  x)tomaiLn8,  neurin  may 
be  formed  by  the  action  of  the  chemical  reagents  employed  on  the 
choliu,  and  thus  the  chemist  iu  attempting  to  fiud  a  poison  may 
1)riug  oue  iuto  existence.  That  neurin  may  be  prepared  from  cholin 
In  puiely  chemical  agencies  is  a  demonstrated  fact.  However,  the 
kuowu  nieaus  necessary  to  accomplish  this  conversion  are  not  those 
employed  iu  toxicol<  )gical  research,  aud  at  the  jn-esent  writing  the 
supposition  tliat  the  chemist  may  generate  neurin  from  cholin  in  the 
process  of  aualysis  seems  to  l)e  unwarranted.  On  the  other  hand, 
Schmidt  found  that  cholin  chloride,  when  allowed  to  stand  for 
fourteen  days  with  hay  infusion  or  with  dilute  blood,  is  almost 
wholly  decomposed,  yielding  trimethylamiu  and  a  base,  the  platino- 
chloiide  of  wliich  ro.sembles  the  corresponding  compound  of  neurin, 
witli  wliicli  tli<^  free  base  agrees  in  its  poisonous  properties.  It  will 
thus  be  seen  that  tlie  couvei-siou  of  the  feebly  poisonous  base  iuto  the 
more  i)oisouoas  one  may  be  accomi)lishe(l  by  bacterial  activity.  The 
uinirin-like  cffints  of  certain  samples  of  poiscmous  milk  and  milk 
])r<)dncts  is  ccrtaiiil>'  suggestive  of  the  i>()ssibility  of  the  jireseuce  of 
ut'uriu  iu  tbciii. 

In  very  large  doses  choliu  has  the  same  a<.-tion  as  neurin.  Brieger 
found  it  ut'cessaiy  to  give  0.1  gm.  of  choliu  chloride  to  induce  in  a 
rabbit  of  tlie  saino  weight  the  effects  obtained  by  the  use  of  O.OOo  gm. 
of  tlie  corresponding  salt  of  ueurin.  He  also  ascertained  that  the 
fatal  dose  of  cliolin  ])er  kilogram  of  bod\'  weigiit  was  ab<mt  0.5  gm., 
wliicli  is  ten  times  tlie  fatal  dose  of  neurin. 

.(  li'iiyi,  C',H,,N()  .— This  substance  was  isolated  by  E.  and  H. 
Haikowski  from  decoui])osiug  meat  and  Hbrin.  It  is  ju'obably  identi- 
<'al  with  '-amido-valeriauic  acid,  j'ud  is  not  kuowu  to  l)e  of  etiological 
importance. 

Ililciii.  C.H,  NO  . — This  is  oxyueuriu,  aud  its  distribution  is 
almost  as  wide  as  that  of  choliu.  However,  it  is  non-poisonous,  and 
consiMnicutly  does  not  take  au  imi)orbint  jihice  iu  the  present  inquiry. 

Miisiiiriii,  C,H,,NO,.--This  is  the  woil-knowu  active  ])rinciple  of 
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poisonouB  mushroom.  It  is  closely  related  to  cholin,  from  wliicL  it 
may  be  formed  by  the  oxidiziug  action  of  strong  uitric  ttcid.  Ah  a 
biuiterial  product,  muscarin  has  been  obtained  from  decomposing 
haddock  and  from  horse-flesh.  The  bacterial  muscarin  seems  to  lie 
identit'id  with  that  from  toadstools,  bnt  shows  some  difference  in 
physiological  action  from  the  synthetically  prepared  base.  Tims 
BiJhm  found  that  the  synthetical  Itase  paralyzes  the  iiitraniusciilar 
nen-e  endings,  and,  according  to  Meyer,  only  0.1  mgni.  is  necessary 
to  accomplish  this  result,  while  the  natural  base  is  said  not  to  have 
this  effect.  In  fi'ogs  snniU  doses  of  muscarin  induce  total  paralysis, 
arresting  the  heart  in  diastole.  When  the  effects  of  nuiscariu  have 
been  induced  in  animals  they  may  be  arrested  by  atropine,  but  frogs 
previously  atropinized  are  still  susceptible  to  muscarin.  In  rabbits 
small  doses  cause  salivation,  lacrymation,  contraction  of  the  pupils, 
profuse  diarrha'a,  and  finally  death  preceded  by  conviilsifnis. 

Jlydafoxin,  C,H,,NO,,. — This  compound  was  obtained  by  Brieger 
from  large  quantities  of  human  viscera  allowed  to  decouipose  for 
months,  also  from  putrefying  horse-flesh.  Ujion  most  animals  this 
base  manifests  only  feebly  toxic  action.  White  mice  are,  however, 
more  susceptible.  Small  doses  cause  in  tlieso  aniiuiUs  lacrymation, 
diarrhnea,  dyspnrea,  convulsions,  and  death. 

A  Base  (?),  C,H,,NO,. — This  is  an  isomer  of  rnydatoxiii.  How- 
ever, it  is  not  positive  that  this  is  a  base,  since  there  arc  Cfiiuiu 
reasons  for  believing  that  it  is  an  amido-acid.  It  is  not  known  to  be 
poisonous. 

Mytihtoxht,  C„H„NO,. — Tliis  is  the  specific  poison  found  by 
Brieger  in  jmIsouous  mussels.  It  induces  all  tlio  characteristic 
phenomena  oliseiTed  in  those  who  have  partaken  of  this  article  of 
diet  when  the  mussels  have  acquired  hariiifiil  properties.  It  resem- 
bles curare  in  its  action,  causing  jmralysis.  The  symjitoms  will  l)e 
discussed  at  greater  length  when  wo  reach  tlie  Hubj»'ct  of  ])<)iHounns 
foods. 

Gadiuin,  C;H,,NO,. — This  base  has  been  found  in  decomjiosing 
haddock  and  gelatin,  also  in  pure  cultures  of  ])rofeuH  vulgaris. 
Gadinin  is  poisonous  only  when  employed  in  large  ([uantilies. 

Typhoioxin,  C,Hj.N0,.^Thi8  base,  which  is  isomeric  with  gadi- 
nin, was  discovered  by  Brieger  in  cultures  of  the  Ebertli  bticilliis,  ami 
vras  for  a  while  believed  to  l>e  the  chief  clieuiic.tl  fa»'tur  in  tlie  causa- 
tion of  typhoid  fever.  However,  it  is  now  krunvu  that  this  bacilhis 
has  among  its  chemical  products  a  more  energetic  poison  than  this 
ptomain.  In  fact,  typhotoxiu  seems  not  to  be  a  constant  [iroiluct  of 
the  growth  of  the  typhoid  bacillus.  Wiether  it  appears  in  cultures 
of  this  germ  or  not,  dei)ends  ujHin  the  nature  of  the  medium  and  the 
Vol.   XllL— 3 
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temperature  at  which  the  growth  occurs.  The  physiological  action 
of  this  base  haa  been  studied  ouly  on  guinea-pigs  and  mice.  lu 
these  it  induces  quickened  resiiiriitiou,  aecompauied  by  salivation. 
The  muscles  fail  to  8U]ii>ort  the  animal,  and  it  falls  upon  its  side. 
The  pupils  dilate  and  cease  to  react.  The  heart-beat  and  resini-ation 
gradually  fail,  aud  <leiith  mx-urs  within  from  one  to  two  days. 
Diarrhcea  accouipiinifs  the  above-uicutioned  symptomH.  The  intes- 
tines are  found  to  be  c(.>utrat^tod,  the  liiugs  are  h\i>era'U]ic,  while 
other  internal  orgaus  are  pale.     The  heart  .•^t<ips  iu  diastole. 

A  lidse  (?},  C,H,-NOj. — Obtained  by  Brieger  I'roiu  decomi)Q8ing 
horse-tlesh,  aud  i^rcibablj'  itleutical  with  the  body  sejiarated  by  Ba- 
giiisky  aud  Htadtliageu  fmni  cultxires  of  a  bacilhw  found  in  the  stools 
of  a  child  suilV'ring  fmm  cholera  iulautuui.  This  compnimd,  after 
the  most  thorough  washing,  gives  an  aci<l  reaction,  but  it  does  not 
combine  with  bases.  It  lias  been  supposed  t(t  lie  an  ainido-acid,  but 
it  differs  from  this  t;rcm]i  iu  beiug  [luisnuous  aud  iu  failing  to  give  a 
red  coloratiou  w  In-u  treated  witli  ferric  chloride.  With  the  exception 
of  its  reactinu,  it  acts  like  a  base,  fonaiug  Vioth  .'lirniile  aud  double 
salts.  Its  action  iiu  frn^^s  is  like  that  of  curare.  Paralysis  comes  on 
8)»eedily.  Tiie  piijiils  dilate  aud  the  heart's  actinu  l)ecome8  gradu- 
ally weakei-,  until  this  organ  stnpM  iu  diastole.  Guinea-pigs  retjuire 
couaiderable  doses,  from  0. (Jo  to  (l.'i  gui.  Wlieu  this  amiamt  is  given 
the  respii'ations  are  increased.  The  pupils  at  fii-st  contract  aud  then 
dilate  aud  become  reactiouless.  Evideut  chills  follow  oue  another  in 
rapi<l  successiou.  The  temperature  falls  behiw  the  normal.  Lacry- 
matitm  and  salivation  are  observable,  luit  not  so  profuse  as  under  the 
mu.Hcariu-like  i)toniaiiis.  (Jouvulsions  occur.  The  temperature  con- 
tinues to  fall,  aud  tiie  ears,  [irnvitnisly  engorged,  become  pale  aud 
cold.  Till'  heart-beats  become  weak  aud  irreguliir.  A  conditinu  of 
t^nueral  jiaralysis  sn]>i'rvenes,  but  stimuli  may  cau.se  couudsinus. 
Finally  the  paralysis  becomes  comiilete  aud  death  results.  The 
intestines  are  ]Mde  and  contracted,  tuul  llie  luart  stops  in  diastole. 

ytnrrhiitc  Aiiil,  ( ',11,  N()^.  — This  conipouiul  Inis  both  basic  and 
acid  projiertics.  Iu  n'actiori  it  is  acid,  but  it  cnniliincs  with  acids 
forming  salts.  This  aubstanc-e,  together  with  liiit,\  lamin.  amylamin, 
liexylaniiTi.  dihydrolutiditi.  aselliii,  and  inorriiuin,  is  found  iu  cod- 
liver  oil.  All  of  thi'se  to^'ctlier  make  up  iilinut  0.2  per  cent,  of  tliis 
oil.  They  are  regarded  by  fi.nitier,  tlieir  discoverer,  as  true  leuco- 
maVns  dissolved  from  the  he|)alic  cells  by  the  oil.  However,  it  is 
more  probable  that  (he\  are  ]iroducts  of  initial  decom]>oHitiou,  starts 
ing  in  the  liver  before  tiie  extr.irtiou  of  the  oil.  l^ouillot  finds  evi- 
deuce  of  their  existence  iu  niiiMoseopical  si-rtioiis  of  tlie  liver.  Mor- 
rhuic  acid  is  a  resinous  body,  but  uniy  \n^  obtained  in  cr^atalline 
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prisms.  There  has  been,  bo  far  as  I  know,  no  study  of  its  physio- 
logical uction. 

Tetaitiii,  C„H,„N,0,. — This  base  was  discovfred  by  Brieger  iu 
mixed  cultures  of  the  tetanus  germs  of  Koseubach,  aud  was  found 
later  by  Kitiisato  and  Wejil  in  pure  cultures  of  the  tetanus  bacillus. 
From  1 1  kgm.  of  beef  used  in  the  culture  they  olitaiued  1.7118  f^m. 
of  tetaniu  hydrochloride^ a  yield  of  0.137  per  ceut.  The  symptoms 
induced  by  comjiaratively  large  doses  of  this  fiubsbiuce  iu  rabbits, 
guinea-jtigB,  and  mice  may  be  divided  iuto  two  Htages.  In  the 
first,  the  animal  becomes  lethargic  and  seeni.s  to  be  ]iii)'tially  pani- 
lyzed;  in  the  sectrnd  the  characteristic  cou\'iilMituia  of  tetanus  set  iu 
and  terminate  in  death.  It  sliould  lie  understood,  hnwcvci-,  that  the 
most  potent  of  the  chemicui  products  of  the  tetanus  bacillus  is  nut  a 
ptomuin. 

A  B(itn\  C„H,„N,0,. — This  comp<mud  was  obtained  by  Guareschi 
from  i»utrid  librin.     Nothing  is  kuowu  of  ita  physiological  action. 

A  Bane,  C,H,,N,0,. — Discovered  by  Pouchet;  it  has  been  Imt  im- 
perfectly studied. 

A  Base,  C,,H„N,0^. — Obtained  by  Lepierre  from  jjoisonou.s 
cheese.  When  fed  to  guinea-pigs  it  causes  diarrhoea.  Fifty  milli- 
grams iujected  intravenously  iuti)  a  rabbit  produced  no  effect. 

Ti/rufuxivvii  ur  Tyrotoxiti.— Thin  subsfcmce  has  never  been  ob- 
tained iu  sufficient  quantity  to  enable  oue  to  determine  its  ultimate 
composition.  It  has  been  found  in  poisonous  cheese  and  other  milk 
products.  Chemically  it  is  very  uustjible,  and  when  its  aipieuus 
solution  is  heated  to  90°  C.  it  decomi)oses.  It  causes  constriction  of 
the  tlu'oat,  nausea,  vomiting,  purging,  and  uifiiked  jirosti'iitiou. 
Further  statcmeuta  concerning  its  action  will  he  made  in  the  dLscus- 
sion  of  jKiisonous  cheese.  It  should  be  distinctly  understood  that 
this  is  not  the  only  active  agent,  jirobably  not  the  must  iriiporhint 
one,  in  iioiaonous  cheese.  Eecent  studies  have  convinced  me  iiiat 
tills  base  is  not  present  iu  the  majority  of  samiilcs  of  imisouous 
cheese. 

Alif'lalfiit. — This  is  aurjther  i»touiain  whose  roiii]Misition  has  not 
l»een  determined.  It  was  found  by  Brieger  in  juitrefyiug  cadaveric 
orgiins,  liver,  sjdeen,  etc.  Mydaleiu  seems  to  have  a  s|>eciHc  action. 
Small  doses  injected  into  guiiiea-i>igH  cause  an  abuinlaut  Hr(i(4ion 
from  the  nose  and  eyes.  The  i>upils  dilute,  reai'li  a  maximum,  ami 
then  Ijecome  reactiouless.  The  tcniiieriitiire  rises  from  1  (o '2  '  C. 
During  this  action  of  the  i>oiaou  the  animal  seems  to  lie  iu  a  souna)- 
lent  condition,  and  the  i^ristaltic  movement  of  the  int+'stines  is 
increased.  Later  the  temperature  declines  to  thu  normal,  and  (he 
pulse  and  respiration,  both  of  which  had  been  quickcued,  return  to 
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the  normal,  and  the  animal  recovers.  With  lai^er  doses  death  inaj 
result.  In  these  cases  the  intestines  are  fonnd  contracted  and  the 
heai't  is  in  diastole. 

A  Bitsc. — The  composition  of  this  body,  obtained  from  decompos- 
inji  viscera,  has  not  been  ascertained.  In  guinea-pigs  it  causes  free 
jiurt^atiou  which  may  continue  for  sevenil  days,  leading  to  great 
weukut'SH  and  dei)re.ssiou,  but  termiuatiug  in  recovery. 

Pyovymtin,  C„H,,N,0. — This  is  the  blue  coloring  matter  of  pus, 
aud  is  a  spwial  product  of  tlie  bacillus  pyocyaueus. 

Fe/ilotoxin. — This  is  tlio  naioo  given  by  Brieger  tn  a  substance 
found  by  him  in  jwptone,  also  in  putrefying  brain,  liver,  niimcle,  c»i- 
seiu,  aud  fibrin.  Salkowski  claims  tliat  peptotoxiu  has  no  existence. 
In  eight  dige.stive  experiments  with  fre.sli  libriu,  he  obhiiued  a  jwi- 
souous  extract  in  only  one  iustance.  Peptic  digestion  of  other  albu- 
minous substiiuces  also  yielded  negative  results.  However,  whether 
peptotoxiu  as  described  by  IJrieger  exists  or  nut,  there  cau  scarcely 
be  auy  diflfereuce  of  njiinion  on  the  following  ]>uint«:  1.  With  fresh 
food  to  act  upon  aud  witli  nnniial  gastric  juice  to  net,  the  process  of 
pejjtic  digestion  proceeds  without  tlie  formation  of  auy  harmful  sub- 
stance; 2.  Witli  putrid  food,  coutaiuiug  poisous  to  start  with,  the 
most  active  digestion  does  nut  guarautee  the  destruction  of  these  jxii- 
sons;  3.  With  even  (h<i  best  of  food,  peptic  digestion  may  proceed 
so  slowly  aud  imiwrfectly  that  during  the  process  poisons  may  be 
formed  by  Itact^^'riai  agencies. 

lu  addition  tn  tlie  ptouiaius  already  briefly  discussed,  investiga- 
tors have  met  with  numerous  others,  which  have  l>een  found  in  quan- 
tities U)0  small  to  admit  nf  iu\y  tliorough  study.  From  both  afjueous 
and  ak'oholic  extracts  of  cultures  nf  the  staiihylococcus  pyogenes 
aureus,  Lelwr  obtjiiued  a  crystalline  body  which  he  named  phlogosin. 
There  is  snuie  doiilit  about  tlie  preseuci>  of  iiitrngnii  in  this  substance, 
and  siuce  it  bbifkeiis  silver  it  is  su]>posod  to  coutaiu  sulphur.  Very 
small  (juautities  uf  ]thlognsiu  ajijilied  tn  tbiveoujunctiva  set  up  an 
iuflaiiinwttioii  tli;it  uiay  cnutiiiuo  to  Rui>puratiini  and  necrosis.  Wheu 
irjtroihirc'd  iutn  tlii^  atiterinr  chainlier  of  (lie  ey<«  it  lends  to  suppura- 
tion and  IjiTatitis.  Fmm  cultures  of  tlie  same  bacillus  Briber 
obtaiufd  traces  of  a  basi!  ditfereut  from  plilogosiii. 

Gram  allowfd  yejist  uiixrd  with  an  infusinn  of  ha\  to  ferment  for 
fourteen  days;  at  tlio  exjiiratiou  of  this  tiiiu'  lie  obtained  from  the 
mixtur<>  a  jmisiminw  extract  tliat  induced  jiaralysis  iu  frogs. 

rJuaresi'hi  and  Mossu  obtained  from  fresh  meat  extracted  by  Dra- 
gendorff's  methud  a  substance  tlnit  gives  tlio  general  alkaloidal  reac- 
tions. This  demonstrates  the  need  of  exercising  the  greatest  care  in 
the  detection  of  the  vegetable  alkai<jids  in  tjixicdlogical  e.xaminations. 
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From  poisonous  musaela  Brieger  obtained  small  quantities  of  a 
base,  along  with  the  mytiiatoxin,  that  induced  profuse  salivation  in 
animak. 

Bacterial  Proteids. 

The  studj-  of  any  proteid  is  a  diftieult  ta.sk.  Indeed,  we  are  not 
as  yet  positive  about  the  ultimate  composition  of  a  siugle  member  of 
this  group,  and  so  far  as  molecular  structure  is  concerned  we  are 
quite  in  the  dark.  Ti^liile  this  is  true  of  all  proteids,  those  of  bacte- 
rial origin  have  certain  special  difficulties  in  the  vi\y  of  an  under- 
standing of  their  chemistry.  Theoretically  at  least  we  may  divide 
the  Ijacterial  proteids  into  two  clas.ses:  (1)  Tliose  which  constitute  or 
have  constituted  an  integral  part  of  the  bacterial  cells ;  and  (2)  those 
which  have  not  been  assimilated  by  tlie  cell,  but  which  have  been 
formed  by  the  fermentation  or  cleavage  action  of  the  bacteria  on  the 
proteids  in  which  and  on  which  they  are  growing.  The  separation 
of  the  proteids  of  these  two  classes  has  not  been  accomplislied,  and 
practically  such  a  separation  must !»,  for  the  proseut  at  least,  c|uite 
impossible  in  a  (luantitativeway.  Wo  allow  bacteria  to  grow  for  any 
length  of  time  in  a  nutrient  solution.  AVe  then  attempt  to  separate 
the  soluble  from  the  insoluble  proteids  by  filtration  through  porous 
tile.  We  try  in  tliis  way  to  separate  the  cell.s  from  the  soluble  con- 
tents of  the  medium,  but  we  have  learned  that  t!ie  solubility  of  pro- 
teids is  a  relative  matter,  dependent  upon  a  great  variety  of  condi- 
tions, such  as  the  presence,  of  inorganic  salts,  the  temperature,  the 
size  of  the  molecule,  etc.  The  result  is  that  our  separation  is  very 
incomplete.  There  remain  on  the  filter  not  only  the  bacterial  cells, 
but  extracellular  proteids.  Therefore  an  analysis  of  the  detritus  left 
on  the  filter  gives  us  no  exact  information  of  the  constituents  of  the 
living  cells.  In  many  cultures  there  are  mucilaginous  extracellular 
prriteids  that  fail  to  pass  through  even  the  relatively  larger  pores  of 
coarse  filter  paper,  which  are  soon  filled  with  this  material,  and  the 
filtration  of  more  soliible  subsbmces  is  arrested.  On  t!ii>  nther  hand, 
the  filtrate  may  contain  the  following  proteid  bodies :  1.  Those  por- 
tions of  the  soluble  proteids  which  were  used  in  the  preparation  of 
the  culture,  and  which  have  escaped  the  action  of  the  liacteria;  2. 
Proteids  which  have  been  at  one  time  integral  parts  of  the  cells,  but 
which  have  passed  into  Holution  on  the  death  and  dissolution  of  the 
cells;  3.  Proteids  that  have  been  formed  by  the  fermentation  or 
cleavage  action  of  the  bacteria  on  the  constituents  of  the  nutrient 
solution. 

There  is  no  evidence  at  the  present  time  (1897)  that  any  of  the 
proteids  formed  by  the  cleavage  action  of  bacteria  on  the  proteids  of 
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the  nutritive  medium  or  on  those  of  the  animal  body  are  specific  fac- 
tors in  the  causation  of  disease.  As  has  been  elsewhere  stated,  many 
bacteria  have  a  peptonizing  action,  but  the  peptones  thus  formed  are 
not  known  to  be  any  more  poisonous  than  those  that  result  from  the 
action  of  the  gastric  juice.  Moreover,  the  amount  of  peptone  formed 
by  bacteria  in  the  animal  body  must  be  so  small  that  this  product 
cannot  be  cou.siJered  as  of  importance  in  the  study  of  bacterial  poi- 
sons. The  peptonizing  properties  of  bacteria  may  be  of  significance 
in  the  destruction  of  tissue,  but  probably  not  otherwise.  As  will  be 
seen  Liter,  tlie  weight  of  evidence  at  present  is  in  favor  of  the  theory 
that  the  specific  bacterial  poisons  are  formed  by  synthetical  rather 
than  by  analytical  processes. 

Bacterial  Cellular  Proteids. 

In  old  cultures,  especially  in  those  of  bouillon,  the  bacteria  form 
a  sediment.  Mauj'  of  the  cells  in  such  dei)Osits  are  dead  and  a  part 
o(  their  contents  has  passed  into  solution,  while  others  are  still  jkjs- 
sessed  of  life  and  the  capability  of  growth  and  rejjroduction.  No  one 
would  claim  that  a  study  of  the  chemical  composition  of  these  bacte- 
rial deposits  would  give  the  exact  composition  of  the  living  cells,  but 
such  analyses  furnish  us  with  the  only  information  now  possessed 
couceruing  tlio  bacterial  cellular  proteids.  Nencki  was  the  first  to 
attempt  to  advance  knowledge  in  this  way.  The  material  on  which 
lie  worked  consisted  of  deposits  of  putrefactive  bacteria.  These  were 
obtaiii(>(1  by  decautation  of  the  supernatant  fluid,  washed  with  ether 
in  order  to  remove  the  fat,  dissolved  in  fifty  parts  of  0.5  per  cent. 
solution  of  caustic  ]>otash,  lieated  for  some  hours  at  100°  C.  and 
filtered.  The  filtrate  was  acidified  with  dilute  hydrochloric  acid  and 
the  i)reci])itation  completed  by  the  addition  of  rock  salt.  The 
]ireei|)itate  was  washed  first  with  saturated  salt  solution,  dried  at 
100  C,  and  then  washed  free  from  salt  with  water  and  again  dried. 
An  ultimate  analysis  of  the  product  thus  obtained  indicated  the 
formula,  C  ,H,,N,0,.  However,  no  claim  can  be  made  that  this  is  a 
detiiiito  chemical  compound.  Xencki  suggested  that  this  substance 
be  designated  by  the  term  "  mycoi)rotein,"  and  described  its  proper- 
ties as  follows :  The  freshly  precipitated  body  is  soluble  in  water, 
dilute  acids,  ;in(l  alkalies,  but  after  being  dried  at  100"  C.  it  loses  its 
scihibility  iu  water.  The  aqueous  soluti<m  is  acid  in  reaction.  From 
its  solutions  mycoproteiii  may  be  precipitated  bj^  jiicric  and  tannic 
acids,  by  mercuric  chloride,  and  other  general  alkaloidal  reagents. 
It  is  not  jirecipitated  from  aqueous  solution  by  alcohol.  Nencki 
found  that  his  mycoprotein  did  not  give  the  xanthoproteic,  but  did 
give  the  biuret  and  Millon  reactions.     According  to  Schaffer,  it  is 
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cliftDged  mto  peptone  by  acids,  and  on  being  fused  with  five  parts  of 
caustic  potash  it  is  decomposed,  vieklinR  ammonia,  araylamin, 
phenol  (0.15  iter  cent,  of  itsweiyht),  valoriauic  acid  (38  per  cent), 
leuein,  ami  traces  of  indol  and  skatol. 

It  was  at  first  believed  that  tlie  cellular  proteidn  of  bacteria  are 
inert,  but  more  recent  investigations  Imve  sliowu  that  this  assumption 
is  not  well  founded.  It  has  been  found  that  they  are  not  always 
inert,  and  that  they  differ  according  to  their  origin.  The  purified 
pyogenic  proteid  obtained  from  the  pneumonia  bacillus  of  Fried- 
lander  by  Buehner  was  found  to  give  the  following  retvctions :  It  is 
soluble  in  water  and  the  concentrated  mineral  acids,  and  readily 
soluble  iu  dilute  alkalies.  From  solutions  in  alkali  it  is  precipitated 
on  the  atlditiou  of  an  acid.  From  its  aqueous  solution  it  is  not  pre- 
cipitated by  boiling  nor  by  saturation  with  common  salt,  but  is  pre- 
cijtitated  by  magnesium  sulphate  and  the  general  alkaloidal  reagents, 
also  by  absolute  alcohol. 

Bacterial  Toxins. 

As  has  been  stated,  it  is  evident  that  the  basic  products  of  bacte- 
rial growth  will  not  account  for  tlie  virulence  of  cultures  of  many  t)f 
the  itathogenie  germs  after  tlie  removal  of  tlie  living  bacteria.  The 
ptonnuus  are  not  present  in  sufficient  quantity,  nor  are  they  pos- 
sessed of  sufficient  toxicity  to  be  cousiilered  as  tlie  only  or  even  as 
the  most  potent  bacterial  pnulucts.  Moreover,  in  cultures  of  some 
germs,  and  among  these  are  those  whose  cultures  are  highly  poison- 
ous, no  jitouiaius  have  1>eeu  formed.  This  is  true  of  dijihtheria. 
Loeffler,  Iluux  and  Yersiu,  and  Briegcr  and  Fraeukel  failed  to  find 
any  active  basic  body  in  sterilized  cultures  of  the  diphtheria  bacillus, 
notwithstanding  the  fact  that  the.se  cultures  were  found  to  be  pos- 
ses.sed  of  remarkably  poisonous  properties.  Mcneover,  while  Brieger 
had  succeeded  in  obtaining  several  iioisonous  ptomains  from  cultures 
of  the  tetauiLs  bacillus,  all  of  these  cnmbined  could  not  account  fur 
the  intensity  of  the  action  of  cultures  of  tliin  bacilhis,  freed  from  the 
living  microorganism  by  filtration  through  ]iorcelaiu.  What,  then, 
is  the  nature  of  the  i)owerful  agents  that  are  elabomted  in  cultures  of 
the  bacteria  of  tetanus,  diphtheria,  and  of  the  other  infectious  ilis- 
eases,  and  to  which  the  symjitoms  of  these  diseases  and  death  from 
them  are  due?  Boux  and  Yersiu  suggested  that  the  active  jioisou  of 
tliphtheria  might  be  a  ferment.  Brieger  and  Fraeukel  at  first  hold 
that  it  was  a  poisonous  jiroteid,  and  suggested  that  non-basic  bacte- 
rial poisons  might  bo  best  designated  as  "  toxalbuniins."  They  then 
believed  that  these  "toxalbumins"  originated  iu  the  splitting  uj)  of 
the  proteids  of  the  culture  medium  or  of  proteids  in  the  animal  body 


24  VAUGHAN— PTOMAINS,    TOXINS,    AND  LEUCOMAJENS. 

by  the  fermentative  action  of  the  bacteria.  However,  more  recent 
studies,  especially  those  of  Brieger,  indicate  that  tlie  two  facts  most 
positively  proven  in  regard  to  the  toxins  are :  (1)  That  they  are  not 
albumins ;  and  (2)  that  they  are  not  formed  by  analytical  process, 
but  are  formed  along  synthetical  lines. 

In  1893  Brieger  and  Cohn  demonstrated  that  the  tetanus  toxin,  in 
the  purest  form  in  which  they  could  obtain  it,  contains  no  phosphorus 
and  only  imweighable  traces  of  sulphur.  The  latter  of  these  was 
supposed  to  be  due  to  the  ammonium  sulphate  used  in  precipitation. 
In  181)5  Brieger  made  an  ultimate  analysis  of  the  tetanus  toxin,  puri- 
fied so  far  that  0.0(XXK)005  gm.  kills  mice  with  all  the  symptoms  of 
the  disease,  with  the  following  results:  Carbon,  52.08  per  cent.; 
hydrogen,  8.1  percent.;  nitrogen,  15.71  i>er  cent.  Purified  to  this 
extent,  this  toxin  is  not  precipitated  by  ammonium  sulphate,  thus 
showing  that  in  the  preceding  researches  it  hatl  been  carried  down 
raechanieally  by  this  reagent  with  certain  proteids.  It  gave  the  biuret 
reaction  so  imperfectly  that  Brieger  felt  justified  in  the  belief  that  the 
coloration  was  not  due  to  the  toxin,  but  to  some  adherent  proteid 
impurity. 

In  18',)(5  Brieger  and  Boer  attempted  the  isolation  of  the  toxins  of 
diphtlierin  and  tetanus.  They  state :  "  If  filtered  bouillon  cultures  of 
diphtlieria  or  tetanus  be  treated  with  mercuric  chloride,  zinc  sul- 
phate, or  still  better,  with  zinc  chloride,  the  toxins  are  quantitatively 
preci])itat<'d.  Since  these  precipitates  are  wholly  insoluble  in  water, 
tlie\  can  be  thoroughly  washed.  By  dissolving  these  washed  double 
conipf)uiidH  in  water  containing  common  salt  or  a  trace  of  alkali,  the 
l)rr"sou(o  of  all  the  toxin  can  be  demonstrated  (by  experiments  upon 
animals  '?).  On  attempting  to  separate  the  zinc  from  the  toxin  by 
jiassiug  a  current  of  carbonic-acid  gas  through  an  alkaline  solution, 
tlio  combination  remains  unbroken.  Hydrogen  sulphide  cannot  be 
eini)l<).\ cd  because  it  destroys  the  toxin.  The  purified  zinc  compound 
of  tlio  toxin  contains  no  trace  of  albumin  or  peptone.  A  so-called 
alliuinhi  derivative  in  tlie  usual  sen.se  of  that  term  is  not  present  in 
the  tdxin  of  (lij)]ithpria  and  tetanus.  A  litre  of  diphtheria  or  tetanus 
bouillon  yields  about  3  gm.  of  the  di-ied  zinc  compound,  and  this 
contains  only  about  0..3  gm.  of  organic  matter  which  must  include  the 
whole  of  the  toxin.  The  zinc  compound  is  not  precii>itated  by  am- 
nioiiiuni  suii)hate,  ])]iosphomolylHlic  acid,  or  phosphotungstic  acid, 
l)ut  is  ])reci]>itated  l)y  carbonic  acid.  The  absence  of  the  xanthopro- 
teic, the  biuret,  and  the  Adamkiewicz  reactions,  the  failure  to  give  a 
red  coloration  on  being  boiled  wtli  Millon's  reagent,  and  the  failure 
to  affect  i)ol;uized  light  in  either  direction  show  that  there  is  present 
no  pe])toup,  albumose,  or  albuminate.     On  being  boiled  with  ferric 
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chloride  there  ia  a  markedly  red  coloratiou.  Whether  this  be  due  t« 
unimportant  admixture  with  amido-acids  or  not  must  be  determined 
by  future  investigations,  which  must  also  take  into  consideration  the 
possibility  of  their  being  ferments." 

The  facts  abeady  mentioned  show  that  specific  bacterial  poisons, 
now  generally  known  as  "  toxins,"  are  not  proteid  btxlies.  As  is  well 
known,  the  word  toxin  means  a  poison,  and  all  poisons  might  be 
called  toxins,  but  I  shall  employ  this  term  to  indicate  the  siiecific 
bacterial  poisons,  the  chemical  classification  f»f  which  remains  for  the 
present  impossible  on  account  of  want  of  knowledge  concerning  them. 
It  is  better  to  employ  some  general  term  than  to  adopt  a  name  which 
later  investigations  might  shc)W  to  he  inapiilicAble.  \Miile  it  is  true 
that  the  poisonous  ptomains  are  bacterial  toxins,  they  will  be  sepa- 
rately designated  in  this  article. 

It  has  already  been  stated  that  the  toxins  are  formed  b^-  syntheti- 
cal processes  and  not  by  splitting  up  the  constituents  of  the  culture 
medium  or  those  of  the  animal  liody.  Uschinsky  materially  ad- 
vanced our  knowledge  of  the  physiology  of  bacteria  by  deraoiistnitiug 
this  fact.  He  has  grown  some  of  the  most  important  piitliogenic 
bacteria,  including  those  of  cholera,  dii>htheria,  tetanus,  and  typhoid 
fever,  in  the  following  menstruum: 

Parts. 

Water 1,000 

Glycerin, 80-40 

Sodium  chloride, 5  7 

Calcium  chloride 0. 1 

MagDusium  sulphntc, 0.2-0.4 

Dipotassiura  phosphate,     .......  3-2.5 

Ammonium  lactate,   ........  6-7 

Sodium  a.9parginate, 3—1 

From  cultures  of  the  above-mentioned  bacteria  in  this  and  similar 
media,  he  has  obtained  toxins  not  less  virulent  than  those  found  ia 
bouillon  peptone.  This  demonstrates  that  the  germ  cf>astructs  its 
toxin  out  of  Ixxlies  of  less  complex  structure. 

It  is  not  my  purpose  to  discuss  the  individual  toxins  at  tliis  time. 
This  will  be  more  appropriately  done  in  connection  with  a  discussion 
of  the  chemical  poisons  of  the  different  diseases,  which  will  be  taken 
np  later. 

Toxicogenic  and  PnOiogenic  Bniii^ri'i. 

All  Imcteria  that  are  harmful  to  man  ]>roduce  poisons,  and  conse- 
quently they  may  be  designated  as  toxieogeuie.  All  pathogenic  bac- 
teria are  toxicogenic,  but  there  might  easily  be  difference  of  opinion 
on  the  question  whether  or  not  all  toxicogenic  germ.s  are  pathogenic. 
There  are  saiirophytic  bacteria  which  will  not  grow  at  the  temperature 
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of  the  body,  but  when  developed  in  milk  and  other  foods  at  a  lower 
temperature  they  elalxirate  chemical  poisons.  These  bacteria  can 
hardly  be  called  i)atho^euic,  aud  yet  in  this  indirect  way  they  may 
cause  death.  There  are  other  <)bli(j;ate  8a])rophyte8  which  may  i)rr>- 
duce  poisons  iu  food  both  before  and  after  it  hiis  l>een  taken  into  the 
alimentary  canal.  The  food  iu  the  duiideiniin  has  no  more  ritahty 
than  it  lias  in  tlie  uursiug-liottle  of  the  infant.  Moreover,  the  excre- 
tions ixiured  into  the  intestines  are  not  supposed  to  be  possessed  of 
any  %Ttality.  A  t,'erin  that  will  yrnw  on  a  certain  medium  in  a  flask 
aud  produce  a  jkusou  may  i^rowou  the  same  medium  in  the  intestines 
aud  produce  the  same  jtoisou,  provided  it  i.s  not  destroyed  or  modi- 
fied by  the  teiiijH'ifiture  or  by  sonie  secretion  of  the  body. 

In  studying;  the  bjtcterial  poisons  I  think  that  it  will  be  found 
couvenient  to  divide  them  iuti)  two  ^^roupa,  according  to  the  bacteria 
elaboratiun  thom.  These  grou] is  are:  (1)  The  poisous  of  the  sapro- 
phytic bacteria;  aud  (2)  tlinse  of  the  specific  pathogenic  bacteria. 
Since  the  bacterial  poisous  of  the  first  of  these  groups  are  generally 
introduced  into  the  body  with  fund,  they  will  be  disciwsed  under  the 
head  of  Food  Poisoning,  and  the  jtoisous  ]>roduced  by  the  pathogenic 
bacteria  will  be  discussed  subscijueutly. 

FOOD  POISONING   (BROMATOTOXISMUS*). 

Within  a  few  years  jiast  tlio  medical  jirofessiou  haa  ascertained 
that  ordinary  foiuLs  freiiuently  undergo  changes  that  may  render  them 
haniiful.  Tlicse  untoward  effects  may  be  due  to  auy  of  the  following 
causes : 

•The  ititrixluction  of  a  new  siilijfct  in  tliu  line  of  scientific  invesligation  some- 
times  (fills  fur  the  aduplidii  uf  uew  terms.  Tlii.s  (iciiiatnt  seems  to  nie  to  be  evident 
iu  II  (lis(tus,si(pii  of  fuod  pnisnniDg.  I  have  (licrefiire  attfrupted  in  this  article  to  in- 
trorlucc  certiiin  new  terms.  In  iloing  tliis  I  liave  not  relieil  upon  myself,  but  hare 
crinsulteil  with  my  ilassiiitl  coHciigue,  Prnf.  Francis  W.  Kclsej",  whose  reputation 
in  |iliilulcigic:il  stinlies.  is  sullitienl  guariiiity  tliat  these  worils  are  ctymologically 
cnrrcct.     The  fnllnwing  is  a  glo.ssnry  of  the  new  worils  employed  in  tliia  article  : 

Kroniatntoxi.smiH.  .V'''.""  (■'/"•'"in*"!),  fowl,  aud  r'.;^^.;i■,  poison.  Fooil  poisoning 
or  poisonin;:  with  fomi. 

Urniivntotoxii  nn.     A  generid  term  for  tlic  artive  agent  in  a  poisonous  food. 

Broinaliilnxiii.  A  )iasie  poison  gcricraicil  io  fond  hy  the  growth  of  bacteria  or 
fnniff. 
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1.  Orains  may  become  infected  with  parasitic  fungi  that  are  poi- 
sonous.    This  is  the  cause  of  epidemics  of  ergotism. 

2.  Both  plants  and  animals  may  feed  upon  substances  which  are 
not  harmful  to  them,  but  which  may  seriously  affect  man  on  account 
of  his  greater  susceptibility.  It  is  said  that  birds  which  have  fed 
upon  the  mountain  laurel  furnish  food  poisonous  to  man. 

3.  The  flesh  of  some  animals  is  poisonous  during  the  period  of 
physiological  activity  of  certain  glands.  Some  fish  are  poisonous 
during  the  spawning  season. 

4.  Any  food  may  be  infected  with  specific  germs  and  serve  as  the 
carrier  of  the  infection.  The  distribution  of  typhoid  fever  through 
the  can  of  the  milkman  is  a  matter  of  occasional  observation. 

5.  The  animal  may  be  afflicted  with  a  specific  disease,  and  this 
may  be  transmitted  to  man  in  the  meat  or  milk.  This  is  one  of  the 
active  agencies  in  the  spread  of  tuberculosis. 

6.  Foods  of  various  kinds  may  become  contaminated  with  sapro- 
phytic bacteria,  which  by  their  growth  elaborate  chemical  poisons 
either  before  or  after  the  food  has  been  eaten. 

Some  of  the  above-mentioned  forms  of  food  poisoning  will  hardly 
come  within  the  scope  of  this  paper,  while  others  will  have  only 
incidental  mention.  I  shall  endeavor  to  present  the  subject  in  that 
form  which  will  be  of  greatest  interest  and  lienefit  to  the  practitioner. 

Mussel  Poisoning  (Mytilotoxismus). 

There  are  three  apparently  quite  different  classes  of  symptoms 
induced  by  poisonous  mussels.  In  a  given  ciise  there  may  be  indi- 
vidual symptoms  representing  each  of  the  three  kinds,  but  there  is 
generally  a  preponderance  of  those  of  one  gro»ip. 


Kreotoxicon. 

Kreotoxin. 

Mytilotoxianms.  /ivrihn,  n,  sca-musscl.  IMiissol  poisoning.  Used  already  by 
KuscmaDn. 

Mytilotoxicon. 

Mytilotosin.  The  name  given  by  Briejrer  to  tlie  ptomain  disrovered  by  him  in 
poisonous  mussel. 

Sitotoxismus,  "'mf.  cereal  food.     Poisoning  witli  vegetable  food. 

Sitotflxicon. 

Sitotoxin. 

Tyrotoxismu.s,  riyxif,  cliccse.     Cheese  poisoning.     Used  already  by  Ilusemann. 

Tyrotoxicon. 

Tyro  toxin. 

Husemann  uses  the  word  zootrophotoxisnius  to  indicate  poisoning  with  animal 
food.  The  same  mithor  has  employed  tlie  word  halichthyotoxismiis  to  designate 
poisoning  with  fish. 
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MytilotoxiHiiuiH  gaatriciis  sive  iutestiualis  is  that  form  of  mussel 
poiaoniug  in  which  the  symptoms  are  practically  identical  with  those 
of  cholora  uoHtrns.  There  is  at  firet  naiisea,  followed  by  vomiting, 
which  may  continue  for  hours.  At  lirst  the  vomit  consists  of  food, 
but  later  there  in  nothing  but  inucus  tinged  with  bile,  and  in  se- 
vere canes  with  bloml.  The  purging  is  usually  accompanied  with 
great  tt'uesiuus  and  piiiu.  The  pulse  liecomes  rapid  and  weak. 
Fodere  reports  a  case  of  this  kind  in  which  death  occurred  on  the 
second  day.  Section  showed  the  nincous  membrane  of  the  stom- 
ach and  small  intestines  highly  inflamed  and  coutainiug  an  excess 
of  mucus. 

Mytilntoxismus  exanthematicus  ia  the  fonn  most  frequently 
observed.  The  symiitoms  seem  to  be  largely  due  to  nervous  disturb- 
ances. There  is  a  sensation  of  heat,  which  usually  begins  in  the 
eyelids,  then  spreads  to  the  face  and  may  extend  over  the  entire  body. 
TJiis  sensation  i.s  followed  by  an  eruption  usually  called  nettlerash, 
although  it  may  be  papular  or  vesicular.  The  itching  is  said  to  be 
(|uite  intolerable.  Usually  after  tlio  eruption,  though  sometimes 
before,  the  lireatliing  l>ecome.s  labored.  These  symptoms  may  1)6 
accompanied  l\v  slight  disturbances  of  the  stomach  and  bowels,  or 
vomiting  and  jmrging  may  bo  wliolly  a1>seut.  Mohring  has  reported 
cases  in  this  kind  in  which  tbe  dyspuu/a  early  Ix^came  great,  the  face 
grew  livid,  the  extremities  showed  convulsive  movements,  conscious- 
ness was  soon  lost,  and  death  nccurre<l  within  tliree  days. 

Mytilotoxisnnis  paralyticus  is  the  furm  that  hiis  Iteen  most  thor- 
ougbly  studied.  As  early  as  1827  Coml>e  reported  cases  of  thi.>i  kind, 
as  be  had  under  observation  thirty  jtersons  poisoned  with  mussels. 
His  description  is  as  fnlhiwh:  "None,  so  far  as  I  know,  complainetl 
of  anything  jiecidiar  in  the  smell  nr  taste  of  the  animals,  and  none 
suffered  immediately  after  taking  tbem.  In  general,  an  hour  or  two 
elajtsed,  snmetimes  more;  and  tlu'  bad  etl'ects  consisted  rather  in 
uneiisy  feelings  and  debility  than  in  any  distress  referable  to  the 
stomach.  Snme  cliildren  sufi'eivd  from  eating  only  two  or  three; 
and  it  will  bi-  ifmembercd  that  Rultertson,  a  young  and  healthy  man, 
took  only  live  or  six.  In  two  or  three  hours  tliey  complained  of  a 
slight  tensitm  of  the  stoinach.  One  or  two  bad  bad  cardialgia,  nau- 
sea, and  vomiting;  but  tJiese  were  not  general  or  lasting  symptoms. 
They  tliea  comjilained  of  a  prickly  feeling  in  their  hands,  heat  and 
constriction  of  (he  nuuith  and  tlimnt,  dithcuUy  of  swallowing  and 
speaking  freely,  numbness  about  the  mouth  gradually  extending  to 
the  arms,  with  great  deliility  of  the  limbs.  Tbe  degree  of  muscular 
debility  varied  a  good  deal,  but  was  an  invariable  symptom.  In 
soiue  it  merely  prevented  them  from  walking  firmly,  but  in  moat  of 
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them  it  amounted  to  perfect  inability  to  stand.  While  in  bed  they 
could  move  their  limbs  with  tolerable  freedom,  but  on  being  raiaed 
to  the  peri)endicular  position  they  felt  tiieir  limbs  siuk  under  them. 
Some  complained  of  a  batl  cojjpery  taste  in  the  mouth,  Imt  in  general 
this  was  in  answer  to  what  lawyers  call  a  leading  ([uestiou.  There 
was  slight  pain  of  the  abdomen,  increased  on  pressure,  particularly 
in  the  region  of  the  bladder,  which  organ  suffered  variously  in  its 
functions.  In  some  the  secretion  of  urine  was  suspended;  in  others 
it  was  free,  but  passed  with  pain  and  great  effort.  The  action  of  the 
heart  was  feeble ;  the  breathing  unaffected;  the  faue  pale,  ex])re88ive 
of  much  anxiety ;  the  surface  rather  cold;  the  mental  faculties  unim- 
paired. Unluckily  the  two  fatal  cases  were  not  seen  by  any  medicid 
I)er80u,  and  we  are  therefore  unable  to  state  minutely  the  truiu  of 
symptoms.  We  ascertained  that  the  woman,  in  whose  house  were 
five  sufferers,  went  away  as  in  a  gentle  slee]i,  and  that  a  few  moments 
before  death  she  had  spoken  and  swalk)wed." 

Post-mortem  examination  of  the  fatal  cases  showed  no  ulinnr- 
raality. 

Schmidtmann  has  reported  the  symivtoms  observ'ed  l)y  liiinself  iu 
some  workmen  and  members  of  their  families,  who  had  i)artaki'n  of 
Taus.sels  taken  near  a  newly  constructed  dock.  The  mussels  had  bet^n 
cooked.  The  api)earauce  of  the  symjitouis  varied  with  the  amnimt 
eaten.  Those  who  ate  freely  of  this  article  showed  the  first  effects 
within  less  than  an  hour,  while  those  who  part(K>k  more  sparinglv 
were  affected  later  aud  less  severely.  There  was  a  .sensation  <if  con- 
striction in  the  throat,  mouth,  and  lips ;  tlie  teeth  were  set  on  edge, 
tin  though  sour  apples  hail  l)een  eab>n.  The  sufferers  coinphiiiied  of 
headache  and  dizziness,  and  exjierieuced  a  seusatinu  of  tlying  and  aji 
intoxication  similar  to  that  produced  by  alcohol.  The  jiulse  was 
incompressible  and  rapid,  80  to  90  per  miuute.  There  wus  no  eleva- 
tion of  temperature,  aud  the  pupils  were  dilated  aud  reactionless. 
Speech  was  difficult,  broken,  and  jerky.  It  wjis  said  that  the  limbs 
were  heavy.  Tlie  bands  grasped  at  obji'cts  sfiusraodically  jiml 
missed  their  aim.  On  attempting  t^i  stand,  it  whs  found  that  tin'  legs 
could  not  support  the  botly.  There  were  nausea  aud  vomiting,  but 
uo  alxlominal  pain  or  diarrhfea.  The  luuxls  and  feet  Ix-canie  nuinb 
and  cold,  and  these  sensations  sot»u  extended  over  Hie  entire  ImhIv. 
In  some  the  body  was  covered  with  a  cold,  clammy  sweat.  There 
was  some  uneasiness  induced  by  the  nausea  and  a  sensation  of  sntl'o- 
cation,  then  came  on  a  rpiiet  sleep.  One  jierson  died  in  one  and 
three-<iuarter  hours,  anotlier  in  tliree  and  one-lialf  hours,  and  a  tliird 
in  five  hours,  after  eating  of  the  mussels. 

In  one  of  the  fatal  cases  marked  hypenemia  and  swelling  of  the 
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mucous  membrane  of  the  intestines  were  observed,  and  were  regarded 
by  Virchow  as  sufficient  to  be  designated  as  an  enteritis.  The  spleen 
was  said  to  be  enormously  enlarged,  and  the  liver  showed  numerous 
hemorrhagic  infarctions.  It  is  rather  difficult  to  see  how  the  spleen 
could  become  enormously  enlarged  in  a  few  hours.  The  heart  was 
emi)ty,  but  the  blood-vessels  of  the  viscera  were  observed  to  be  dis- 
tended. 

Cats  and  dogs  partook  of  these  cooked  mussels  and  develoi)ed 
symptoms  similar  to  those  observed  in  the  men;  and  a  rabbit  treated 
with  the  water  in  which  the  mussels  had  been  boiled  died  very 
(piickly. 

There  has  been  gi'eat  variety  of  opinion  expressed  concerning 
poisonous  mussels.  Some  have  claimed  that  there  are  certain  species 
that  are  constantly  poisonous,  and  that  these  are  often  found  with 
the  edible  kinds.  Yirchow  and  Schmidtmann  attempted  to  describe 
the  i)(>isou<)us  species,  stating  that  it  has  a  brighter  shell,  a  sweeter, 
more  ])euetratiug,  b(juillon-like  odor  than  the  edible  kind,  and  that 
the  flesh  of  the  former  is  yellow  and  the  water  in  which  they  are 
boiled  Incomes  bluish.  The  belief  in  a  poisonous  species  has  been 
chiunpioued  by  otliera;  but  Miibius  has  clearly  pointed  out  the  fal- 
lacy of  this.  He  has  shown  that  the  color  and  brilliancy  of  the  shell 
varies  with  the  anionut  of  salt  in  tlie  water,  iis  temperature,  whether 
it  is  .still  or  rumiiug,  and  the  character  of  the  bottom;  also  that  the 
diff'crence  in  color  of  the  flesh  is  due  to  sex.  The  sexual  glands 
which  form  the  greater  part  of  the  mantle  are  j'ellow  in  the  female 
and  white  in  the  male. 

It  has  lieen  suggested  that  the  mussels  absorb  copper  from  the 
bottoms  of  vessels,  but  Christison  tested  the  mussels  that  affected 
Combe's  case,  witli  negative  results,  and  also  jiointed  out  the  fact 
tliat  tin-  symptoms  were  not  those  of  j)oisoning  witli  cojjper. 

It  was  held  l)y  Edwards  tliat  the  ill  eft'ects  were  due  to  idiosyu- 
I'lasics  iu  tliH  consumers;  but  when  all  who  partake  of  the  fooil, 
including  cats  and  dogs,  manifest  the  same  symptoms,  the  al)surdity 
of  tills  assumption  becomes  evident. 

De  ]}(>uii)('  found  some  medusa'  in  the  vomit  of  a  person  suffering 
witli  mussel  j)oisoning,  and  attributed  the  untoward  effects  to  these; 
but  tlicic  was  no  tnidence  tliat  these  medus.c  were  poisonous,  and, 
moreover,  tliey  are  not  constantly  associated  with  poisonous  mussels. 

The  theory  of  Burrow,  that  all  mussels  are  poisonous  during  the 
period  of  reproduction,  has  met  with  general  po])ular  credence,  and 
has  b(>en  ai)])lie(l  to  all  niollusks.  It  is  u]>on  this  theory  that  the 
popuhir  superstition  that  shellfish  should  not  l)e  eaten  during  months 
in  the  name  of  which  the  letter  "r"  does  not  occur,  is  founded. 
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TLis  hupeitititiuu  at  uue  time  took  the  form  of  a  legal  enactment  iu 
France,  forbidding  the  Bale  of  shellfish  from  the  1st  of  May  to  the  Ist 
of  Sei)temljer,  but  this  restriction  has  been  removed.  The  only  grain 
of  truth  iu  this  popular  idea  lies  in  the  fact  that  these  are  the  warm 
mouths,  when  decomposition  is  the  more  likely  to  alter  food  injuri- 
ously. People  have,  however,  been  poisoned  with  muHsels  at  all 
times  ttf  the  year. 

There  can  now  be  but  little  doubt  that  the  gastrointestinal  and 
exanthematic  forms  of  mytilutoxisiuus  are  duo  to  putrefactive  ])riic- 
esses,  while  the  pjiralytic  manifestatious  of  the  disease  are  due  to 
the  ptomain  isolated  by  Brieger  and  named  by  liim  mytilotoxiu. 
The  toxicological  action  of  this  ptomain  has  already  Ijeen  given  (see 
page  17). 

Why  certain  mussels  should  contain  mytilotoxiu  while  others  do 
not,  is  a  question  alx)ut  the  answer  to  which  there  might  stUl  lie  some 
difference  of  opiuiou.  It  would  seem,  however,  that  any  mu9nel  may 
acquire  this  poison  when  it  lives  in  filthy  water.  Schiuidtmanu  and 
Vircliow  Iiave  ascertained  that  edible  mussels  may  Iht'cjuio  iioisonmis 
wheu  left  for  fourteen  days  or  longer  in  filthy  water,  and,  on  the 
other  lianti,  poisonous  mussels  may  become  edilile  if  kejit  for  four 
weeks  or  longer  iu  clear  sea  water.  Wliether  the  animals  become 
diseased  or  nut  iu  filthy  water,  is  not  known,  (,'iises  of  mytilotoxis- 
mus  have  several  times  occurred  amoug  those  eating  uuissels  taken 
from  W'ilhelmshaveu,  the  place  that  snjiplied  Brieger  with  the  niiite- 
rial  from  which  ho  obbiined  mytilotoxiu.  Wchiuidtmayn  lias  found 
that  good  mussels  placed  in  the  water  of  this  harbor  soon  become 
poisonous,  and  that  the  ]>cvisounus  mussels  of  this  bay  lose  their 
toxic  properties  wheu  placed  iu  the  open  sea.  Liiiduer  has  found  in 
the  water  of  Wilhelmshaven  and  in  the  mussels  taken  from  the  same 
a  great  variety  of  bacteria,  amo'bie,  jiroto/oa,  and  other  low  forms  of 
life.  He  also  states  that  nou-poi.souous  mussels  placed  in  filtered 
water  from  this  source  do  not  ln>coine  |ioisouous.  From  this  lie 
concludes  that  the  animals  liecome  infected  in  the  watei  of  this  har- 
bor. Cameron  makes  a  somewhat  similar  stali-ment  about  the  jtoi- 
sonous  mussels  near  Dublin,  taken  from  water  contaminated  with 
sewage.  He  found  that  the  livers  of  these  nniumls  were  mnrh  I'U- 
larged,  ami  from  them  lie  obtained  a  Ijawe  tli;d  is  [irobalil.v  identical 
with  my  tilotf»xin. 

That  mytilotoxiu  is  not  an  ordinary  ]>iitrefactive  product  is  shown 
by  the  fact  that  Brieger  failed  to  detect  its  presence  in  mussels  that 
had  been  allowed  to  decay. 

That  oysters  taken  from  beds  near  the  outlet  of  sewers  inav  lie- 
come  contaminated  with  the  sjiecitic  germ  of  typhoiil  fever  luis  been 
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pretty  well  tlemoustrated  witliiu  the  yaat  few  years,  but  this  subject 
hardly  belongs  to  a  discussion  of  the  chemical  poisons  produced  by 
the  bacteria.  However,  it  ia  altogether  probable  that  oysters  mar 
become  poisonous  in  the  same  way  that  mussels  acquire  harmful 
properties.  Pasquier  him  reported  cases  of  oyster  poisoning  from 
animals  taken  from  a  bed  at  Havre  near  the  outlet  of  a  drain  fiom  a 
public  watercloset.  Oyster  broth  made  with  milk  may  develop  any 
of  the  bacterial  poisons  that  are  elaborated  in  milk. 

The  most  important  form  of  treatment  of  mytilotoxismus  should 
be  pru]i}njhixi^ ;  but,  like  the  preventive  treatment  of  many  other 
kinds  of  puisouiut!,  it  ia  generally  administered  pcmf  factum.  How- 
ever, there  should  bo  police  regulations  against  the  sale  of  all  kinds 
of  inolhisks  and  of  all  tish  as  well  taken  from  filthy  waters.  Certainly 
attention  should  l>e  given  to  localities  that  have  once  supplied.  iMison- 
ous  food  of  this  kind.  Many  popular  rules  have  lieen  given  for  the 
easy  recognition  of  poisonous  mussels,  and  to  some  of  them  has  been 
given  credence  by  medical  authoi-s.  An  unusually  large  mussel  is 
regarded  with  suspicion,  and  Lohmevor  gives  measurements  that 
may  guide  the  person  in  search  »)f  this  article  of  food.  Sh-ess  is 
phiced  on  color  by  some,  aud  one  ia  advised  to  avoid  the  dark-brown- 
blue,  and  to  jairuliase  the  dark-lilue  or  the  dark -green-blue.  We  may 
expect  to  SCO  tlm  [irudeut  hungry  man  draw  frum  his  pCK'ket  a  scale 
of  colors  aud  carefully  comjiare  it  with  the  shell  of  the  juicy  bivalve 
before  he  assigns  it  to  his  digestive  organs,  if  he  is  to  observe  the 
rules  laid  down  in  soiiih  recent  medical  works.  Then  he  will  take 
the  dimensions  of  the  whole,  measni'e  the  thickness  of  the  shell,  and 
tost  its  strength,  fur  wo  are  informe<l  that  the  poisonous  clam  has  a 
thin,  brittle  shell.  Seriously,  one  is  to  avoid  sheLULsh  from  impure 
waters,  aud  ho  may  properly  insist  that  they  shoiild  l>e  washed  in 
clean  wat^^r;  and  cortaiul}'  one  should  avoid  eating  this  kind  of  food 
when  it  has  stood  oxcu  for  a  few  hours  at  summer  heat  in  the  form  of 
broth. 

The  frcdhnrnf  of  cases  of  mussel  ]»oisoniiig  may  be  stated  in  a 
genera]  way.  Any  and  all  of  the  food  r(»niainiiig  in  the  alimentary 
canal  should  Ix;  romnved  as  far  as  is  possilile.  Emetics  and  cathar- 
tics are  generally  ncnmmeudi'd,  but  the  stomach  tube  aud  irrigation 
of  the  iiitestini's  are  more  jmimpt,  ctHcii'ut,  anil  reliable.  The  action 
of  the  jieart  slunild  be  watched,  aud  sti'vchnine,  aromatic  spirit  of 
annuonia,  or  otiier  stimulants  may  be  administered  hy])oderraaticalIy. 
It  is  true  here,  as  it  is  of  nther  forms  of  food  ]ioisoning,  that  those 
patients  wlio  are  least  .successful  in  getting  rid  nf  the  materies  peccans 
by  nature's  efforts,  as  niaiiiffsted  iir  vomiting  and  purging,  are  often 
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Fish  Poisoning  (Ichthyotoxismus). 

Fiali  poisouiug  atlmitu  of  tliaeussiou  iiuiler  two  distinct  categories. 
In  one  uf  these  the  poison  in  a  physiological  product  of  the  activity 
of  certain  glands  of  the  animal.  The  iiiterveutirju  of  bacteria  is  not 
necessary  t«  render  the  secretitiji  of  the  ghimlH  active.  In  fact,  there 
is  iiu  bacterial  infection.  In  the  second  form  the  flesh  owes  its  poi- 
sonous properties  to  the  products  of  bacterial  growth. 

Blanchard  has  projtosed  that  the  Spanish  word  sigiiatcra  Ijiro- 
noimced  sig-wah-te-ra)  be  emph>yed  to  cover  those  cases  due  to  the 
action  of  poisons  physiologically  formed  within  the  animal.  His 
statement  is  as  follows : 

"  I  wish  tt)  state  that  there  are  two  distinct  categories  ul  intoxi- 
cation due  to  the  eating  of  the  flesh  of  vertebrates. 

"1.  Botidismus  is  an  intoxication  induced  by  meat  inoculated 
with  microbes  and  containing  the  ptoniaius  elalioratcd  by  them. 
This  term  is  applicable  not  only  tti  disease  caused  by  market  jueat, 
but  also  to  that  induced  by  preserved  fo<Mls. 

"2.  Miguaterais  an  intoxication  caused  by  tVesh  fooii,  not  infected 
with  bacteria,  and  in  wJiich  the  poisonous  jirinciples  are  leucomaius 
formed  by  the  physiological  activity  of  the  tissue.  I  jiropijse  to 
designate  this  category  of  intoxication  by  the  word  siguatera,  a  name 
employed  by  the  Sjiauish  jihysiciaus  of  the  Antilles  to  indicate  poi- 
soning from  the  eating  of  fish." 

^\1lile  I  have  not  accepted  Blauchard"s  uonieuchituni  as  ajiplica- 
ble  tt)  all  kinds  of  poisonous  meats,  the  distinction  made  by  him  in 
the  alxive  quotation  admirably  states  the  difl'eri'iices  in  the  two  kinds 
of  fish  poisoning.  It  is  a  ituestion  whether  or  not  I  shcnild  mention 
those  fish  whose  flesh  is  not  harmful,  but  which  are  supjilied  witli 
J toisonous  glands.  However,  as  the  secretions  of  the  special  gl;nids 
owe  their  toxic  jiroperties  to  jihysiologica!  jioLsuns,  I  will  include 
them  in  the  category,  but  will  make  my  mention  of  them  short. 

Some  tish  are  suj)plipd  with  poison  glands  connected  with  tubul.ar 
barbs,  anil  by  means  of  these  they  iiroti'ct  tliemselves.  Trtiiliimi.s 
draco,  ordinarily  known  as  the  "dragon  weaver"  or  "sea  weaver,"  is 
one  of  the  best  known  of  these  tish.  Tin'  v;nieties  of  this  Hjiecies  are 
widely  distributtnl  in  salt  waters.  It  is  a  haudsonie  tish,  somewhat 
resembling  the  trout,  and  marked  witli  blue  and  brown  stiifies. 
Dunbar-Brunton  describes  its  poison  jiiijiariitus  as  follows:  "I'poii 
each  of  its  gill-covers  there  is  situated  the  sjiine  in  connection  with 
the  fii>ecial  gland.  This  spine  is  grooved  and  slightly  erectile,  and 
is  attached  partly  to  the  maxilla  and  partly  to  the  under  surface  of 
Vni.   yiir  _<( 


34  VACOHAN— PTOJLdNS,   TOXINS,   AND  LEDCOMAINB. 

the  gill-cover.  It  jjasses  through  the  gill-cover  where  it  shows  as  a 
sharp  point,  iu  lengths  varying  with  the  size  of  the  fish.  The  spine 
is  covered  with  ii  very  fine  iQemliraue  almost  to  its  free  extremity, 
and  this  membrane  convprts  the  grooves  on  the  spines  into  little 
canals,  which  oi>en  near  the  extremity  of  the  spine.  At  the  base  of 
the  spJDf>  upon  the  npper  surface  lies  the  iioison  gland,  iinder  the  gill- 
cover  and  partly  covered  by  the  adductor  muscle  of  the  gill-cover, 
which  hel[t8  to  compress  the  gland,  forcing  the  fluid  into  the  canals, 
and  fit  the  waniP  time  erects  the  spiue.  When  the  spine  enters  another 
fisli  or  another  animal,  its  memliraue  is  stripped  back,  and  the  poison 
enters  at  once  into  the  wound.  The  gland  is  small,  with  nucleated 
colorless  colls,  secreting  a  transparent  fluid." 

While  bathing,  men  soniftimcs  wound  their  feet  with  the  barbs  of 
this  tish,  wliich  lies  half  buried  iu  the  sand.  It  also  hapjtens  that 
fishermen  Homctimfs  iucantiouiily  jirick  their  fingers  with  the  barbs. 
Almost  immediately  kuifc-liki'  jiaius  are  felt  almiit  the  wound  and 
ipiickly  extend  over  the  body.  Cardialgia  may  be  most  excruciating. 
There  is  a  sensation  of  suffocation.  The  forehead  is  covered  with  a 
l»rofnse,  cold  perspiration.  The  heart  becomes  weak,  and  beats 
intermittently.  Pain  and  terror  combine  and  render  the  condition 
agfmiziug  to  the  attendant.  Convulsions  with  wild  delirium  come 
on,  and  Jiually  death,  a|iparcntly  froia  exhaustion,  su[)ervene8.  This 
is  the  history  of  a  severe  case.  Ordinarily  the  symptoms  are  less 
grave,  and  scvero  local  pains  accompanied  l>v  (cdema  and  followed  by 
gaugri'ui'  is  the  usual  result. 

Home  experiments  with  this  poison  have  been  made  on  the  lower 
animals,  esjifvially  ou  rabbits  ami  guinpa-])igs.  If  the  thigh  of  one 
of  tlifse  animals  lii>  iiierccil  uilli  a  barh  of  tlie  fish,  there  is  a  cry  of 
paiu  and  soon  tin'  limb  liegins  to  twitcii.  The  whole  body  may  Ije 
iuvolvfd  in  convulsive  movements,  which  resemble  those  due  to 
strycljaitie,  iiiiismucli  as  tlii-y  are  inteusiHcd  by  touching  the  animal. 
Respiration  usuallv  Iji'i'omfs  dilficult,  and  paralysis  of  the  [waterior 
pxtroiiiitifs  often  results.  Death  may  occur  within  one  hour  after 
the  intliction  of  the  wound. 

There  has  been  no  successful  study  of  the  chemistry  of  this  secre- 
tion. It  is  claimiHl  by  some,  jind  denied  by  cithers,  that  the  poison 
is  formed  ouly  ibiriiig  liie  siiawniug  season. 

Tlie  treatment  of  wounds  from  these  barbs  should  lie  prompt  and 
radiejd.  A  dee]i  eniciai  incision  should  be  made  at  the  yioint  of 
puncture,  and  fri'<-  liciuorilia^'e  encouraged.  Then  the  wound  should 
l>e  cauterized.  Alc<ihol,  cofTee,  ammonia,  strychnine,  whichever  is 
at  hand,  should  lie  iidniinistered. 

iiinijii'iiKriit  lu-fir/iiii  (here  are  in  the  dorsal  tin  thirteen  barbs,  each 
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connected  with  two  poison  reservoirs  supplied  from  tubular  glands. 
The  secretion  from  these  glands  is  clear,  bluisb,   feebly  acid,  and 

when  introduced  lieneath  the  skin  it  causes  local  gangrene,  and,  if  in 
sufficient  quantity,  general  paralysis. 

In  plolosus  Uneafus  there  is  a  single  tubular  barb  iu  front  of  the 
ventral  tin,  and  the  poistm  is  nut  discharged  unless  the  end  of  the 
barb  is  broken.  The  intensity  of  the  poison  varies  greatly  in  the 
different  species  of  this  family,  being  greatest  in  those  living  iu 
tropical  waters. 

In  satr/Ki'iia  scroj'a  aud  other  species  of  this  family  tlifrc  are 
ojien  poison  glands,  conuecteil  with  the  barbs  in  the  dorsal  and  iu 
some  varieties  in  the  caudal  fiu. 

Iu  murtvua  heleiia  there  is  a  [Hjcket  on  t!ie  gums  or  iu  the  rnnf  of 
the  mouth,  the  walls  of  which  are  lined  with  poisonous  glands,  the 
secretions  of  which  moisten  the  teeth  and  thus  render  the  bite  f)f  this 
fish  [Kiisoufius. 

In  flialassoptti-yiie,  a  genus  of  batrachiau,  there  is  a  half-clo.st'd  \mh- 
sou  gland  on  the  gill-cover  aud  another  on  the  back.  Tliere  is  n(j 
muscular  arrangement  for  the  ejaculatiou  of  tlie  poison,  which  is 
contaiucil  iu  loose  bags  l)eueath  the  skin  carrying  the  barbs. 

Kakke  wius  at  oue  time  a  vrry  prevaleut  disease  iu  Jafiau  and 
other  countries  aloug  tlie  eastern  coast  of  Asia.  Many  theories  wens 
advanced  to  account  for  its  etiology.  Some  of  thi'Ui  wt^re  tpiit*'  uutu- 
rall.^  fouudetl  upou  the  Huperstitions  of  th.'it  part  of  tin*  world. 
However,  with  the  opening  nji  of  Jajiaa  to  tlic  civiliwd  world,  the 
study  of  this  diseitse  by  scieutitic  nifthoils  was  uudortakcu  by  foreign 
jihysiciaus  and  by  the  observant  and  intelligent  natives  who  acipiired 
tlieir  medical  training  iu  Euro]>e  and  Amcriea.  It  was  soon  notit-ed 
that  the  disefUie  was  confined  to  the  seacoast  districts,  and  particu- 
hirjy  to  tlie  natives,  .Viuericans  and  Enrojieaiis  living  in  Jaiian  lieing 
almost  wliolly  exemjjt.  With  iuipinvcd  transpoitatiou,  kakke  was 
found  to  extend  towards  the  interior  of  Japan,  .\niong  the  natives 
the  most  robust  seemed  to  be  most  ]»rone  to  the  disca.se.  With  those 
observations  the  following  additional  farts  wei'e  recognized:  (1)  The 
iuhabitiiuis  of  the  coast  were  formerly  llie  only  natives  who  [partook 
largely  of  seafisli ;  ('2|  inijiroved  trans|iodation  carried  these  food 
products  towards  tlie  int+rior;  f^l)  the  foreigners  did  not  consume 
these  fi.sh  so  largely  as  the  natives  did;  |4i  annmg  the  natives  the 
most  robust  woidd  ijuite  naturally  eat  more  food  of  any  and  all  kinds 
than  the  less  vigorous. 

The  alx)ve-mentioned  oljservatious  led  Miura  to  define  th<'  disea.se 
as  follows:  "Kakke  is  a  chronic  or  subacute,  seldom  .in  .icnte,  intox- 
ication, due  ifi  the  consumption  uf  cerUiiu  kinds  of  fisJj."     He  then 
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set  liimself  to  solve  the  questions :  (1)  Wh&t  fish  are  the  bearers  of 
the  poisou?  (2)  In  what  conditions  are  these  fish  poisonous?  In 
Tokio  the  disease  generallj*  aj^pears  in  May,  reaches  its  greatest 
prevalence  in  Auj^ust,  and  gradually  disappears  in  September  and 
October.  This  would  indicate  that  if  the  disease  was  due  to  the 
eating  of  fish,  the  poisonous  species  must  be  those  that  were  in  de- 
maud  from  May  to  September.  Six  species  were  found  to  be  moat 
abundauth ,  in  fact  almost  exclusively,  used  at  this  time  of  the  year, 
and  all  of  these  l)elouged  to  the  family  of  Scombridw.  This  is  in 
accord  with  tlie  observation  of  Gubarew,  who  had  previously  re- 
l)orted  cases  of  jjoisoning  from  eating  scomber  saba.  However,  the 
etiological  relation  of  these  fish  Ui  kakke  cannot  be  said  to  be  iKwi- 
tiveiy  established.  It  is  true  that  in  some  jjai-ta  of  the  world  certain 
species  of  sconiVtridii!  are  eaten  without  injurious  eflfects.  Nothing 
d«>finik].\  is  known  about  the  nature  of  the  poison  in  these  fish,  nor 
has  it  \hh'u  determined  whether  the  active  agent  is  a  phj'siological 
product  of  cotain  gliiuds  or  a  result  of  l)acterial  activity.  Kakke  is 
a  uou-febrilo  disease,  the  most  characteristic  sym])toms  of  which  are 
(listuibaucos  of  tlio  heart's  action  and  dyspnwa  conseijuent  Ujwn 
])aralysis  of  the  diHi)hragm,  according  to  Miura.  The  same  authority 
claims  that  electrical  stimulation  of  the  diaphragm  has  i>roven  the 
most  successful  treatment. 

There  are  otlier  kinds  of  fish  in  Jai)ane8e  waters  that  undoubtedly 
are  poisonous.  Tliese  belong  to  the  'fetroJon  (Fugu),  of  which, 
according  to  He  my,  theie  are  twelve  si)ecie8  whose  ovaries  are  poi- 
sonous. In  winter,  when  the  ovaries  are  atrophied,  they  are  least 
poisonous.  However,  lleniy  rojwrts  tiie  following  experiments  made 
witli  tisli  caught  iu  tlie  winter: 

Dogs  f(^(l  upon  th(>  ovaries  or  testicles  soon  sickened,  with  saliva- 
tion. sever(>  and  frecpient  vouiitiug,  and  convulsive  muscular  contrac- 
tions. Hoou  after  tile  ])<)isou  was  removed  from  the  stomach  by 
vouiitiug,  recoveiy  followed.  Iu  order  to  ])reveut  this  rapid  elimina- 
tion, thes(^  organs  were  rubbed  up  iu  a  mortar  and  the  fluid  i>oi-'tiou 
was  administered  subeutaueously.  By  this  method,  notwithstanding 
the  fact  that  tlie  experiments  were  made  in  the  winter,  death  followed 
iu  less  tliau  two  liours.  Tli(>  symptoms  consisted  mainly  of  disturb- 
ances of  the  digestive  and  uervons  systems.  Tlie  most  constant  were 
uue.isiiK^ss,  salivation,  vomiting  of  much  mucus,  severe  contraction 
of  tlie  alidoiiieii,  then  jiavalytic  syuijitouis,  relaxiition  of  the  sphinc- 
teis,  marked  dys])U(i';i,  cyanosis,  and  dilat.-itioii  of  the  pupils.  Death 
v.,is  due  to  dys]uiiea.  On  section,  the  salivary  ghmds  and  i)ancreas 
Were  found  injected  and  ecchymosed.  There  were  small  hemorrha- 
gic spots  ill  tlie  stomach  aud  intestines.     The  liver  and  kidnevs  were 
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tilled  with  dark  1)1o(k1,  iis  is  seen  in  ilf^atli  fruiu  atspliyxiation.     No 
Ktructural  changes  could  he  fouud  iu  the  nervoua  system. 

Miiu'ii  and  Takesaki  have  studied  this  jjoison  iu  tetrodou  rubripes. 
They  tiiid  the  active  ageut  preseut  ouly  iu  tJie  female  sexual  organs. 
The  followiug  will  illustrate  the  effects  of  tliis  poison  as  observed  by 
these  iuve.yti gators: 

Ti»  a  rabbit  of  average  size  there  was  administered  subeulaue- 
ously  2  c.c.  of  an  extract  from  the  ovary.  Within  about  twenty -five 
niiuutes  the  respiration  Ijecanie  deep  and  hibored,  the  [lupilw  were 
dilated  aud  reactiouless.  After  a  few  severe  convulsions  the  auimal 
fell  upon  its  aide  aud  Iwcame  comatose.  Passive  movements  did  not 
meet  with  any  resistance.  The  earn  were  at  first  engorged  aud  theu 
pjde.  Thirty  minutes  after  the  injectinu  respiratinu  ceased,  but  at 
tills  time  the  increased  peristaltic  movement  of  the  intestines  could 
lie  observed  through  the  walls.  Tlie  thorax  and  abdomen  were 
oi)eued.  Nut  a  drop  of  bkxnl  tlovved  from  tlie  wound.  Tlie  lieart 
was  still  beating.  The  ventricular  beat  wits  '20,  aud  tlie  auricular 
was  110  i)er  minute.  In  two  and  one-<iuarter  hours  after  the  in jectiini 
the  ventricular  beat  ceased  iu  systole,  aud  a  few  minutes  later  the  anri- 
clea  stopped,  filled  with  blood.  Rigor  mortis  set  in  before  the  heart 
ceasetl  tit  l>eat;  the  liver,  H]»leeu,  aud  kidneys  were  tilled  with  blood. 

Taliara  reports  that  he  Juis  isolated  from  the  roe  of  the  tetrodou 
two  poisons.  One  of  these  is  a  crystalline  base,  to  which  he  has 
given  tlie  uame  tetrodontn;  while  the  otlier  is  a  wliite,  waxy  body, 
and  is  designated  iis  tetrcHhuiic  acid.  While  both  are  markedly  poi- 
sonous, the  acid  is  more  active  than  the  1ia.se. 

The  mo.st  marked  symptoms  observed  in  man  poisoned  witli  fugu 
are  referable  to  the  nervous  system,  although  vomiting  may  be  severe 
and  hemorrhage  from  the  stomiu-h  maj'  (H'cur.  Of  im3  casea  reported 
iu  Ttikio  from  1885  to  IH{)2  inclusive,  (iHO  were  fatal — a  mortality  of 
more  than  72  per  ceut. 

The  fish  poisoning  so  frecjuently  observed  iu  the  West  ludies  is 
Ixdieved  to  l»  due  to  tiie  fact  that  tiie  fish  feeil  ii|)on  decoui|iosiiig 
niedusfc,  corals,  and  like  material.  It  is  stated  tliat  all  the  lisli 
caught  off  certain  coral  reefs  are  unfit  for  food.  Chtpcn  fliirisKii  and 
i-liipea  vciHiiiMi,  also  certaiu  species  of  noirnn,  are  found  among 
these.  It  is  possible  that  the  fish  l>ecome  infected  from  their  food 
and  transmit  this  infectiim  to  man.  However,  all  shitemcuts  con- 
cerning the  origin  and  uature  of  tlie  poison  ill  tliis  class  of  tisli  are 
mere  fLssumptious.  No  scientific  work  lias  been  done  witli  tlieiu. 
The  poison,  whatever  iis  origin  may  be,  is  quite  powerful,  aud  deatli 
not  infrequently  results.  The  sym]>toras  are  those  of  gastro- 
intestinal  irritation,   followed  by   collapse.     The  proper  treatment 
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cousistM  of  waHliiug  imt  the  stoiuach  and  iuteatiueH,  and  the  liyiioder- 
nifitic  iujoction  of  Htryclmiu*^,  iiminonia,  or  alculiol. 

At  tliis  point  it  mlKlit  1h>  well  tu  nttile  that  tbe  auRReation  lias  been 
miide  tliJit  lish  jmisiuiiiij;  might  in  Hfiine  wises  be  due  to  the  sul> 
Htiiuces  employed  by  certiiiu  jieojile  tt»  kill  fish.  This  is  n  poasibii- 
ity,  Imt  hardly  a  probability.  That  it  doen  not  explain  the  majority 
of  c'iusPH  i)f  fish  ]><>isn!)iiig  i.s  shown  by  the  faut  that  in  some  localities 
where  this  method  of  seciiriug  fish  is  jtraftised,  ill  effects  from  the 
fisli  thus  obtaiuwl  am  iiuknown  or  are  iufre<iueut;  while  iu  other 
ctuiiitries  where  fish  are  uot  obtained  iu  this  manner,  fish  poisoning 
is  I'ouimou.  The  ve^^etable  substiincea  employed  by  seraicivilized 
peoj)les  to  Ix'uumb  or  kill  fish  areijuite  numerous.  CcK'cuhis  iudieus 
has  beeu  used  for  this  purpose.  Piseidia,  or  Jamaii-a  dogwootl,  owes 
its  scientific  name  to  the  fact  that  it  has  hmg  l>eeu  used  in  the  West 
Iiulies  to  iKMiundt  fish.  The  leaves  and  entire  liraudies  are  thronu 
into  the  water.  In  some  [ilaces  the  bark  of  the  root  is  also  used. 
The  active  principle,  called  piscidiu,  consists  of  white  prisms,  and  is 
l>eHpved  to  have  the  formula  C',,H,,(>..  It  seems  to  have  a  jiaralytic 
actiim  on  the  mntnr  ceuties,  and  the  fish,  l)eing  unable  to  swim  nu 
account  of  this  action,  fioat  on  the  surface  and  in  this  benumbed  con- 
dition are  gathered  in.  While  the  substance  is  ]>ois(Uious  to  man, 
nuu'li  larger  aiuounts  than  would  occuf  iu  the  fish  taken  at  a  single 
meal  would  be  necessary  iu  order  to  indiu'e  any  effect.  Moreover, 
the  symptoms  of  West  Indian  tisli  jioistming  are  whtilly  tliflferent 
frfuu  those  caused  by  doj^'wood.  Pachyrrhizus  augulatus  and  derris 
elliptica  are  emjiloyed  in  the  Dutch  East  Indies  in  securing  fish,  and 
an  extract  of  deri'is  root  is  said  to  be  employed  in  Borneo  as  an  arrow 
]>oison,  IjoIIi  of  these  |ilants  contain  uim-nitrogenous  substances 
that  are  highly  poisonnus  to  fish  and  relatively  harmless  to  other 
aiiitiials.  It  is  stated  that  tlie  extract  of  derris  root  kills  fish  when 
mixed  with  water  in  the  pio(iorti(in  of  1 :2.">,fK)0,  aud  its  active  prin- 
ciple in  a  dilution  of  ]  :.">,0()(>,llll((.  tireshof  has  isolated  both  of  these 
substances,  and  n.itaed  one  ilerrid  ami  the  otlier  pachyrrliizid.  Yet 
the  uudergroutid  stems  of  ]iachyrrhizus  augulatus,  the  "yaka"  of  the 
Fijians,  are  used  by  man  ;is  a  fond;  and  iu  Cochin  China  derris  root 
is  an  ingredient  of  a  chewing  gum  known  as  "betel."  The  legumin- 
ous jilant,  Teplirosia  iehtliyoneeea  s.  toxicaria,  the  indigo  plant  of 
the  Niger  liiver,  which  lias  been  trausjilanted  to  the  West  Indies, 
furnishes  leaves  and  liranehes  that  ale  used  in  killing  fish,  while  its 
roots  are  eju|)loyed  medicinally  in  the  treatment  of  skin  diseases. 
However,  in  large  doses  the  active  agent  of  this  jilant  is  poisonous 
to  man.  The  fish  poison  of  Java,  from  Milletia  atroj)urpura,  con- 
tains the  ghicoside  saponin,   t'^^H^/),,,   which   is   found  iu  various 
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otlier  plauts.  The  active  ageut  in  liydrocarpos  inebricans,  employed 
in  Ceylon  in  catchiiif;  fish,  is  Hiiid  to  Ijo  Iiydrocyauic  aeid.  Bobiuia 
nicou  is  another  lefjuminous  tree  that  furnishes  a  fish  poison.  It 
contains  a  crystalline  snbstance  which  kills  fish  in  a  dilution  of 
1 : 1,000,000.  Several  species  ol  robinia  are  also  poiaonoiw  to  man, 
and  the  a\raptoms  may  be  those  of  a  gastrointestinal  irritant. 
Chew-ing  the  inner  bark  (jf  the  common  locust  (R.  iiseudacaeia)  ha."! 
been  known  to  causa  most  violent  vomiting,  coldness  of  the  extremi- 
ties, and  stupor.  Other  lish  poisons  of  the  West  Indies  are  jac- 
quinia  armillaris,  which,  on  account  of  the  fact  that  its  dried  fruit  is 
used  for  bracelets,  is  known  as  bois  bracelet,  and  Berjnuia  lethalis, 
from  which  the  poisonous  honey  of  a  certain  wasp  is  jirepared.  This 
honey,  even  in  a  small  quantity,  is  said  to  jn-oduco  a  mild  intoxica- 
tion. This  will  remind  the  classical  student  of  the  poistmons  honey 
connecteil  with  the  retreat  of  the  ten  thousand  Greek  soldiers  nnder 
Xenophon,  which  occurred  four  centuries  before  our  era. 

Fiah  may  be  infected  with  some  pathogenic  bfu-terium,  and  this 
or  its  chemical  products  may,  when  taken  by  man  in  his  food,  prove 
deleterious.  Recent  studies  indicate  that  this  is  at  least  one  of  the 
causes  of  the  severe  epidemics  of  tish  jioisouing  fre<[ueutly  oljserved 
in  Russia.  Schmidt  concludes  his  investigations  of  one  of  these  out- 
breaks with  the  f(jllowing  statements  : 

1.  The  harmful  effects  are  not  duo  to  putrefactive  jirocesses. 

2.  Fish  imisoning  in  Russia  is  always  due  to  the  eating  nf  some 
memljer  of  the  sturgeon  tribe. 

3.  The  ill  effects  are  not  due  to  the  methods  of  catching  the  fish, 
the  use  of  salt,  or  imperfections  in  the  methods  of  jireservation. 

4.  The  deleterious  substance  is  not  uniforiidy  distributed  tlirough 
the  fish,  but  is  confined  to  certain  parts. 

5.  The  poisonous  portions  are  not  distinguishable  from  the  uon- 
poisonons,  either  macroscopicaliy  or  microsco])ically. 

6.  When  the  fish  is  thoroughly  cooked  it  maybe  ejiten  without 
harm. 

7.  The  poison  is  an  animal  alkaloid,  produced  most  probably  l>y 
bacteria  that  cause  an  infectious  diseiuse  in  the  fish  during  life. 

Fish  poisoning  in  Russia  is  sometimes  <|uite  fatal,  as  mauv  as 
fifty  per  cent,  of  those  affected  dying.  Eleven  cases  witJi  five  fatal 
terminations  came  under  the  observation  of  Arustamov,  who  found 
in  the  fish  and  in  the  viscera  of  the  dead  pei-sous  a  germ  resembling, 
but  not  identical  with,  the  typhoid  bacillus.  The  fish  were  eaten 
raw  and  the  ill  effects  were  believed  to  bo  due  to  the  above-men- 
tioned bacillus.  The  symptoms  were  dryness  of  the  throaf,  mydri- 
asis, vertigo,  general  weakness,  and  dyspurea. 
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Sieber  obtained  tbe  bacillus  piscicidus  agilis  from  some  fiah,  the 

eatiug  of  wliifh  wjis  followed  by  disastrous  consequences.  In  this 
iustantv  the  tish  were  taken  from  a  poud  in  which  as  many  as  thirty 
dt'ad  tisli  were  found  in  the  coui'se  of  two  days,  and  many  others  thjvt 
were  qxiite  evidently  sick.  From  both  the  sick  and  the  dead  aaimais 
tlie  bacillus  was  obtjiiut'd.  Tliis  j^'eriii  is  anaerobic,  forms  spores,  and 
j^rrows  rapidly  on  ordinary  culture  media.  It  is  pathogenic  not  only 
to  fish,  but  also  to  fro^s,  mice,  rabbits,  dogs,  aud  guinea-pigs.  It  is 
liighly  toxicogcuic,  the  tiltfrcd  cultures  bi-iug  quite  virulent.  From 
old  cultures  one  jioisou  was  obtained  by  distillation.  Cadaveriu  aud 
other  known  biises,  and  at  least  two  poisons  of  unknown  composition, 
are  contained  in  old  cultures.  Of  one  of  these  snl>stance«,  3.5  mgm. 
sullieed  to  kill  a  frog  within  fifteen  minutes.  The  chief  symptoms 
oltservable  in  this  animal  were  apathy,  dysputea,  and  paralysis. 

Anrep  states  that  there  are  two  active  ptomaVns  (ichthyotoxins) 
in  poisonous  lish.  One  of  them  may  Ije  extracted  from  alkaline 
solutions  by  chloroform,  benzin,  or  ether.  This  is  an  amorphous 
substance,  insobdile  in  water,  l)ut  t"i|palile  of  forming  soluble  salts. 
One-fourth  of  a  milHgraiu  of  tiie  liydrochloride  induces  marked 
effects  in  dogs,  and  twice  this  ((uantity  kills  ralibits.  The  second 
base  is  an  oily  substance  and  less  energetic  in  action.  In  1889  Jako- 
lev  obtained  from  jioisonous  stuigeou  a  base  similar  to  but  not 
identical  with  tlie  first  of  Aiireji's  bodies.  All  of  these  poisons  have 
a  paralyzing  action  <n\  frogs,  dogs,  and  rabbits,  arresting  respiration 
and  the  acti()n  c>f  tlie  lieart.  In  cats  they  cause  continued  convid- 
sions.  The  more  active  of  Aurcp's  Itascs,  for  winch  he  proposes  the 
name  lialiehthyotoxin,  dilates  the  [iiqiil  on  local  a]f|dication.  The 
Ijase  is  destroyrd  at  the  teiiqierature  of  boiling  water,  and  it  has  lieen 
freijueiitly  observed  in  Russia  that  those  who  eat  raw  fish  ai-e  ae- 
riiuisly  affected,  while  those  who  ]>ai'take  of  the  same  food  thoroughly 
rookt^d  escape. 

There  is  some  dift'ereuce  of  opiiiimj  coneerning  the  causation  of 
the  so-ealh'd  "  liarben  cholera,"  frequently  observed  in  certain  dis- 
tricts of  {Jermany.  Some  hold  that  the  liiirbels,  the  eating  of  which 
is  followed  liy  disastrous  conseijueuees,  air  siek  with  some  infectious 
disease;  while  others  believe  thiit  the  poison  originates  in  jiutrefac- 
tive  changes.  Tim  symptoms  arc  those  of  cholera  nostras.  The 
]»roper  treatment  consists  of  washing  out  the  stomach  and  intestines, 
and  a  hypodeniiatiir  administration  of  heart  stinadants,  if  this  Ije 
indicated  by  marked  dcpressi(ju.  The  emjiifiymeut  of  opiates  is  to 
be  cimdeuuied. 

In  the  United  States  the  cases  of  ichthyotoxismus  moat  frequently 
seen  are  due  to  infection  of  this  food  with  sapriq)hytic',  toxicogenic 
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bacteria.  Wlien  the  eflfects  are  eoufiuetl  to  iiu  iiTitjitinu  of  tlie  stom- 
acli  auil  bowels,  as  evidenced  b.v  imiiseu,  vomitiuy,  iiud  ]mr^,'iD^%  the 
fouditiou  is  designat-ed  icLthyotoxitimus  gastricus.  When  the  diges- 
tive disturbauces  are  accompanied  by  a  rash,  it  is  known  as  iclithyo- 
toxisiuus  exanthematicua.  The  WTiter  lias  seen  several  cases  of  Ixitli 
i>f  these  varieties  caused  by  the  eatiiiy  (if  canned  salmon.  In  all  the 
vi>mitiuf;  hius  been  jiersistent  and  exhaustive.  In  some  there  has  been 
purgiuj;,  but  in  tJie  more  dangerous  eases  the  bowels  have  l>eeii  con- 
stipated. There  is  ])rr)bably  in  all  in  the  first  stages  of  the  jioisoning 
some  elevation  of  temperature,  sometimes  as  hi^^li  as  10'2  '  F.  When 
proper  treatment  is  l)egun  early  enough,  the  chances  of  recovery  are 
gtK>d.  Nature's  effort-s  to  remove  the  ]ioison  should  be  a.ssisted  by 
the  stomach  tid)e  and  irrigation  of  the  colon.  In  adults  it  is  well  to 
administer  ten  grains  of  cahjniel  after  the  stomach  has  been  well 
cleansed,  for  the  purpose  of  emptying  thesmidl  intestines.  In  ouo  of 
the  cases  referred  to  large  doses  of  morjihine  had  Ix-en  atlniiuistered 
early  in  order  to  check  the  vomiting  and  purging,  and  in  this  ca.se 
death  resulted.  The  danger  of  thus  arresting  the  elimination  of  tJio 
poison  cannot  be  too  emphatically  condemned. 

Dilatation  of  the  ])upils  is  frei]uently  observed  in  tish  poisoning, 
an  well  a.s  that  due  to  the  consumption  of  other  decomposed  food. 
The  substance  which  induces  tins  reaction  is  known  as  jitomatropin 
(ciulaveric  atropine),  and  may  be  removed  from  ■alkaline  soluti<m  by 
agitiitiou  with  etiier.  However,  this  substarii'e  has  ne\er  been  ob- 
tained iu  a  jjure  state,  and  wo  know  nothing  of  its  com]>osition.  Its 
jireseuce  can  \>e  recognized  only  by  the  ajiplicatictu  of  the  extract  to 
the  eye.  It  may  be  well  iu  this  connection  to  call  attention  to  the 
uudeairability  of  depending  upon  this  effect  on  the  pupil  in  tlio  test 
for  atropine  in  toxicological  examinations.  The  writer  was  i  nice  called 
upon  iu  a  medico-legal  case,  in  which  the  chemist,  after  Iiaving 
examined  a  body  that  had  been  buried  for  some  weeks,  testified  that 
tlie  stomach  contiiined  four  grains  of  the  sul[)liate  of  atrojiine,  because 
lie  obtained  an  extract  from  the  stomach,  and  tliis  extract  dissolved 
iu  an  ounce  of  wat<='r  had  about  tlie  same  effect  on  the  ]iu]>il  of  a  cat's 
eye  that  wfiuld  Iw  induced  by  a  .solution  of  four  grains  of  atrojiine 
sulphate  iu  the  same  volume  of  water.  After  hearing  the  opinion  of 
two  other  chemists  on  the  value  of  this  test,  the  judge  very  jirojierly 
decided  to  discontinue  the  case.  This  extract  from  decoTU|Hising 
animal  tissue  resembles  atropine  not  only  in  dilating  the  pu|)il,  but  in 
other  effects  as  well.  It  causes  dryness  and  constriction  of  the  throat, 
ptosis,  paralysis  of  tlie  accomnn>dation,  weak  and  rapid  ]>ulse, 
nervous  excitement,  possibly  convulsions,  and  delirium,  jtassing  into 
coma.     It  has  been  suggested  that  a  ]ttomatropiu  may  be  formed  iu 
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the  b<jcly  iu  typhoitl  fever,  and  this  maj"  account  for  the  delirium  so 
freqiieutly  observed  in  this  disease.  However,  this  is  only  an 
asaumiitiou.  After  death  from  the  so-called  ptoraatropin,  section 
shows  fougestioii  of  tlie  LraiD,  hiu^s,  aud  kidneys,  often  hemorrhage 
spots  iu  the  stomach  aud  iutestiues,  and  cloudy  8WP.llin^;  of  the  soli- 
tary folliclpK  and  Fever's  patches.  According  to  the  statement  of 
Schmidt,  1(>0  gin.  of  putrid  stur^^eou  yield  3  mgm.  of  ptomatropin, 
a  (juautity  sufficient  to  kill  two  men. 

The  exphmatinii  of  the  fact  that  cauned  fish  is  sometimes  poison* 
ous  is  ]>robah!y  to  he  found  iu  iiiconijdete  sterilization  in  the  caii- 
uing.  The  bacteria  are  not  all  killed,  aud  grow  under  anaerobic  con- 
ditiuiirt,  elaborating  a  potent  poisou.  One  such  can,  the  contents  of 
wliich  had  previously  affected  those  wiio  jmrtook  of  it,  was  examined 
both  cheiuitally  aud  hacteriologically  by  the  writer.  The  absence  of 
metallic  ptiisous  was  detuoustrated.  Tlie  only  microorganism  that 
could  be  fouud  was  a  micrococcus,  aud  animals  inoculated  with  this 
remained  uuaflfected ;  but  when  this  germ  was  grown  for  some  weeks 
ill  sterilized  eggs,  the  contents  of  the  eggs  became  highly  poisonoas, 
while  the  coutrol  eggs  remained  free  from  poisou. 

Meat  Poisoning  (Kreotoxismus). 

It  has  long  been  au  observed  fact  that  the  flesh  of  animals  dead 
from  certain  diseases  or  slaughtered  while  HuftVring  from  these  dis- 
eases is  not  a  safe  fooil  for  man.  The  Mosaic  law  forbade  the  eating 
of  the  flesh  of  animals  dead  from  disease.  "  Ye  shall  uot  eat  of  any- 
thing that  dieth  of  itself;  thou  shalt  give  it  unto  the  stranger  that  is 
in  thy  gates,  that  he  may  eat  of  it;  or  thou  mayest  sell  it  unto  an 
alien;  for  thou  art  a  holy  jwoplo  unto  the  Lord  thy  God.  Thou 
shalt  !iut  sfctho  a  kid  in  his  mother's  milk"  (Deut.  xiv.  21).  The 
tii'st  jiart  of  this  command  is  certainly  wise  coimsel,  but  the  feeding 
of  a  visitor  with  such  food  would  not  uow  be  regarded  as  in  accord 
with  the  ruli'S  of  hos])itable  entcrfaiinjient,  and  the  sale  of  it  eveo  to 
an  alii'U  would  ant  bi>  pi-rinitted  by  the  law  of  any  Christian  country. 

The  most  cnniuioH  disea.ses  that  may  be  transmitted  from  the 
lower  animals  to  man  by  ih(>  cnnsniiiptiou  of  tlie  fli^sh  or  milk  of  the 
formi'r  as  fond  bv  the  lattir  are  tuberculosis,  anthrax,  symptomatic 
anthrax,  pli'iinijuituniimia,  ])uerpcral  fever,  maliguant  cedema,  glan- 
ders, various  si'i>ticieinias,  trichiuosis,  nnicous  diarrhoea,  and  actino- 
mycosis. It  hardly  comes  withiu  the  scope  of  this  article  to  discuss 
in  any  detail  the  transmission  of  these  disea.ses  from  the  lower  ani- 
mals.    This  is  done  iu  the  special  articles  devoted  to  these  diseases 
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I  sliall  limit  the  subject  of  kreotoxismus  to  those  uutoward  efl'ects 
due  to  the  eating  of  flesh  iuvadwtl  by  iiou-siiecific,  toxicoyeuic  bacte- 
ria. I  must,  liowever,  bo  allmvetl  to  offpr  a  few  opinions  parentheti- 
cally concerning  a  few  mooted  (juestions  (lertiiiuing  to  the  cnnsninp- 
tion  of  the  flesh  of  auinials  affected  with  a  few  of  the  above-mentioned 
diseases.  There  has  l)peii  some  variety  of  ojiiuion  amnuj!;  sjinit«riaiis 
conceraid^;  the  thiuger  of  eating  the  muscles  of  animals  with  tubercu- 
losis. Tliese  differences  have  not  been  contiued  to  opinions,  but  liave 
appeared  in  the  results  of  scientific  experimentations.  There  are 
those  who  hold  that  it  is  sufficient  to  condemn  the  diseased  part  of  a 
tul>erculous  cow,  and  that  the  remainder  may  lie  eaten  with  perfect 
safety.  These  believe  that  tuberculosis  is  a  locid  affection,  that  the 
bacillus  is  never  found  in  the  blood,  and  couse<piently  is  not  geuer- 
allj'  distributed.  On  the  other  hand,  theie  are  those  who  teach  that 
tuberculosis  is  a  diHea.se  (u(!i(s  mihshiii/ia\  and  that  "total  seizure" 
and  destructifiii  of  the  entire  carcass  by  the  health  authorities  are  de- 
sirable. Inocuhition  of  guinea-pigs  with  the  meat  and  meat  juices  of 
tulierculnns  animals  has  given  different  results  to  the  several  iiivesli- 
gatoi's.  To  any  one  who  has  seeu  tulwrculnus  animals  slaughtered, 
these  differences  of  opinion  and  in  experimental  results  are  easily 
explainable.  In  the  lii-st  place  the  tuberculous  invasion  may  be  ci  in- 
filled to  a  single  gland,  and  this  may  occur  in  a  portion  of  the  carcass 
not  ordinarily  eaten,  while  on  the  other  hand  the  iuvn-simi  may  l>e 
mucli  more  extensive  and  even  the  muscles  may  be  involved.  Again, 
the  tuljerculous  portion  may  consist  of  hard  nodules  that  do  not  break 
down  and  contaminate  other  tissues  in  the  process  of  reumval,  but  I 
have  seen  a  tuberculous  aliscess  in  the  liver,  holding  nearly  a  [lint  of 
broken-down  infected  nmtter,  ruptured  or  cut  in  n'inoviiig  tliis  organ 
and  its  contents  spread  over  the  greater  part  of  the  carcass.  This 
easily  shows  why  one  investigator  succeeils  in  inducing  tnlM-n-ulosis 
in  guiuea-jtigs  by  intnxluciug  small  liit-s  of  meat  fi-oin  a  tuberculous 
cow  into  the  abdominal  cavity,  while  another  cfinaJly  skilful  bacteri- 
ologist follows  these  same  details  and  fails  to  get  any  positive  results. 
No  one  desires  to  eat  any  (lortiou  of  a  tuberculous  anitn.ij,  and  the 
only  safety  lies  iu  "t<ital  seizure"  ami  destruction.  It  is  an  interest- 
ing lii8t<^>r!cal  fact  that  the  sale  of  tin'  flesh  of  tnliercnlous  animals 
was  once  forbidden  on  the  belief  that  the  disease  was  sy)>Iii!is. 

Even  a  profuse  diarrhoea  is  ordinarily  not  considered  of  sntHcient 
importance  to  jireveut  the  killing  of  the  animal  and  the  cousum])(ion 
of  its  flesh,  but  it  was  such  an  animal  as  this  whose  tlesh  ]>oisoned  a 
numl)erof  persons,  as  related  by  Gartner.  This  cow  had  been  oliserved 
to  have  a  profuse  diarrhrea  for  two  days  In-fore  it  was  slaughtered. 
Twelve  persons  ate  this  flesh  raw,  and  all  of  them  were  affected. 
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Many  of  thune  wbo  ute  of  tbe  cooketl  meat  were  also  ill.  In  the  meat 
and  in  the  spleen  of  a  person  who  died  from  eating  it,  Gartner  found 
tliB  biifilluH  enteritidis.  GochI  meat  when  inociilatt^d  with  this  ^jerm 
and  snlisequeutly  coiike<l  for  Home  hours  killed  rabbits,  mice,  and 
guinea-pigs ;  and  boiled  bouiUou  cultures  were  highly  ixjisonous. 

There  have  lieeu  several  outbreaks  of  meat  jioisoning  due  to  the 
eating  of  the  flesh  of  cows  slaughtered  while  suffering  from  pueri)eral 
fever.  Fisher  rei>orts  u  case  of  this  kind.  This  animal  was  quite 
seriously  ill,  and  iu  rousequeuce  had  lost  greatly  in  weight.  Nine- 
teen persons  partook  of  the  meat,  aud  iu  all  vomiting  and  purging 
occurred  a  few  hours  after  the  meal,  Boiliug  for  one  and  one-half 
himm  did  not  destroy  the  chemical  ])oi8ou. 

Baseuau  obtained  the  bai-ilhis  liovis  morbiticaus  from  the  flesh  of 
a  cow  that  was  sii-k  at  the  time  of  being  .slaughtered  aud  had  calved 
eight  days  before.  It  was  estimat<'d  that  1  gm.  of  this  meat  cou- 
taiued  1H7,5IKI  btteiUi.  This  germ  is  pathogenic  to  mic»,  rats, 
guineji-pigs,  ralibits,  and  calves.  A  bouillon  culture  was  injected 
into  the  uterus  of  a  guinea-pig  a  few  hours  after  she  had  given  birth 
to  three  young.  Death  of  the  mother,  aud  of  the  young  from  taking 
of  the  infei'ted  milk,  resulted.  The  germ  was  found  iu  the  milk, 
blood,  umscles,  liver,  and  sideen. 

Di  Matte!  L-lainis  that  the  tlesh  of  aninuils  deail  of  symptomatic 
anthrax  may  retain  its  iufet'tiou  after  having  been  preser^'ed  iu  a  dry 
8tat*i  for  ten  vrarH. 

Wh  now  turn  to  those  eases  of  true  kreotoxiamus  in  which  the 
kreotoxicons  result  from  tlie  growth  of  ncm-specific,  saprophytic 
niieroorganisius.  It  has  long  been  known  that  certain  jratrefactive 
cliaiigrs  in  meat  may  be  jU'i'o!ii|>anie(l  by  the  elaboration  of  poison. 
Panuni's  pioneer  •■Xjieriments  were  niaile  with  this  kind  of  material. 
He  was  tlii^  Jirst  to  establish  the  cheniieal  nature  of  this  poison,  iuaa- 
MHirh  as  he  demoiistvateil  that  the  ni(ii(^ons  extracts  of  putrid  meat 
retained  its  jioisouous  )Mojierties  after  treatment  which  would  insure 
the  deMliiietioii  of  all  organisms,  altliougii  at  that  time  the  existence 
of  feniieiitdive  bacteria  eoidd  lianlly  bi- said  to  have  been  established. 
Panuni's  eoiiclusiitns  were  as  follows; 

1.  "The  jiutrid  poisun  containeil  in  decomposed  flesh,  and  which 
mny  be  obtaineil  b\-  extraction  with  distilled  water  and  re^jeated 
tiltratioii,  is  not  \oIatile.  but  lixcd. 

'2.  "Tim  jiutrid  jioison  is  not  destroyed  liy  boiling.  Indeed,  it 
preserves  its  i»oisonous  jiropei-ties  even  after  the  boiling  has  l)een 
continued  for  eleven  hours,  and  after  the  evaporation  has  been  carried 
to  coitijdete  desiccation  at  KKV  C. 

3.   "The  putrid  poison  is  insoluble  in  absolute  alcohol,  but  is 
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soluble  in  water,  and  is  contained  iu  the  aqueous  extract  wliicb  is 
formed  by  treating  with  distilled  water  the  putrid  material  which  has 
jireviouHly  been  dried  by  heat  and  Wiushed  with  alcohol. 

4.  "The  albuminoid  substances  whicli  fret^ueutly  arc  fouud  iu 
putrid  fluids  are  not  iii  themselves  jmisonoua,  only  so  far  as  they 
ctiutain  the  j>utrid  poison  fixed  and  coudeused  uiiou  tlieir  surfaces, 
from  which  it  can  be  removed  by  repeated  aud  careful  washing. 

5.  "  The  intensity  of  the  putrid  poison  is  com]»arablo  to  tliat  of 
the  venom  of  serpents,  of  curare,  and  of  certain  vegetalilc  alkali  lids, 
inasmuch  as  12  mgm.  of  the  poison  obtained  by  extracting  with  dis- 
tilled water  putrid  material,  which  had  been  j)revionsly  Iwiled  for  a 
long  time,  dried  at  1(X( '  C,  and  submitted  to  the  action  of  alwolute 
alcohol,  was  sufficient  to  almost  kill  a  small  dog." 

Panum  made  intravenous  injections  of  this  jioiHou,  autl  observed 
that  the  efi'ects  difl'ered  with  the  iiuautity  of  tlie  material  and  tln^  size 
aud  strength  of  the  animal.  With  large  doses  death  followed  ijuickly. 
In  these  instances  there  were  violent  cramps  and  iu\oluntary  evacua- 
tion of  urine  aud  fieces  ;  the  respirations  were  lalmred,  the  iiallor  was 
marked,  sometimes  followed  l>y  cyanosis,  the  inilse  beuauic  feeble,  th<> 
pu[)il8  were  widely  dilated,  and  the  eyes  were  projecting.  Autopsy  re- 
vealed no  lesion,  but  tfie  blood  was  dark,  ijtiperfectly  coagulated,  and 
slightly  infiltrated  thnaigh  the  tissue.  He  also  obtiiined  from  jmtrid 
fiesh  a  narcotic  body  which  was  separable  from  the  "putrid  jjoison" 
by  the  solubility  of  the  former  in  alcohol.  When  Hie  alcoholic  solu- 
tion-was evaporated  to  dryness,  the  residue  taken  up  in  water,  and 
injected  into  the  jugular  vein  of  a  dog,  this  animal  fell  into  a  deep 
sleeji  that  remained  unbroken  fur  twenty -four  lifjurs,  and  from  which 
it  awoke  in  apparently  jierfect  health. 

The  above-mentioned  observations  were  made  by  Panum  iu  IHTii't. 
In  IHGS  Bergmann  and  SchmiedelMn-g  obtained  lir.st  frmn  decnm- 
poaed  yeast  and  later  from  jnitrid  blood  a  poisonous  substance  which 
they  called  seijsin.  Small  doses  (0.01  gni.)  of  this  substance  dis- 
solved in  water  and  injected  intravenously  in  dogs  caused  voniit- 
iug   and   diarrlxea.      Antojisy  showed  ecchyuinses  in  the  stoiuach 

and    intestines.      These   investigatora   Ijelieved    .it    tlie    li that 

they  had  isolated  the  ]iutrid  jioison  of  Pauuni,  but  fiuHier  stuilics 
have  failed  to  confirm  this  lieliof.  Recently  Levy,  working  nuder 
8chmie<leberg's  directions,  has  made  an  additional  study  of  jintiid 
jea.st,  in  which  he  found  bacilli  reseuibling  those  of  nionse  sep- 
ticfpmia  and  the  i>roteus  vulgaris.  From  cultures  of  these  germs 
the  poison  was  precipitated  with  absolute  alcohol,  and  tliis  i)reeijii- 
iate  dissolved  in  water  aud  intravenrmsly  injected  into  dogs  induced 
the  sj-mptoms  of  seiraiu.     L^evy  also  fouud  the  protons  in  some  meat 
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which  had  poisoned  a  family.  In  the  vomited  matter,  in  the  stools, 
and  in  the  bottom  of  the  box  in  which  the  meat  was  kept,  he  found 
the  proteua.  He  concludes  that  this  bacillus  generates  sepsin.  If 
this  Ije  true  the  crystals  obtained  by  Bergmaun  and  Schmiedeberg 
did  not  constitute  the  jjoisou.  This  is  highly  probable.  The  effect 
might  have  been  due  to  au  albuminous  body  mixed  with  the  crys- 
t«ls. 

One  of  the  most  fre<iueDtly  oljservetl  forms  of  kreotu.xismas  is 
saimafff  poimmlixj,  known  as  botuHsnms  and  nlautiiisis.  This  has 
Ijt'eu  fruqiU'iitly  st'cu  in  parts  of  (Jermauy.  It  is  undoubtedly  due 
to  tilt'  iMi'tJKid  of  j)rei)ariug  this  article  of  diet  iu  that  country.  It 
wiis  fiiriiierly  tho  custom  of  the  peasants  of  Wiirtemlierg  to  fill  the 
stmiiaflis  iif  hogs  with  bluod  and  chojiped  meat,  and  these  great 
sausages,  called  "blunzeu, "  were  hung  in  the  chimney  to  be  cured. 
They  frequently  froze  during  the  night  and  thawed  during  the  day. 
At  no  time  was  the  toniperature  high  ennugh  to  destroy  the  bacteria 
in  the  interior  of  these  sacs.  The  contents  were  eaten  without  being 
cooked  atiil  frei|ueiit]y  induced  must  disastrous  consequences. 

Some  tierniaus  have  brouglii  to  the  I'nited  States  modific^tiona 
(if  the  ab(3ve-described  method  uf  preparing  sausage,  and  the  writer 
is  at  this  present  time  investigating  an  outbreak  iu  which  six  j)erson8 
wi'H!  jioisimed,  four  of  them  fatally.  Iii  this  case  the  sausage  meat 
was  jdaced  iu  links  of  intestines,  and  alternately  frozen  and  thawed 
and  eaten  raw. 

Tlie  fatality  iu  sausage  poisoning  varies  greatly  iu  different  out- 
breaks. In  IS'20  Kerner  collected  reports  of  76  cases,  with  37  deaths. 
Two  years  l;iter  he  had  iiicreaseil  the  uuinlM-r  (if  cases  to  155  and  the 
deaths  t((H4.  Iu  souie  iustiuiees,  jiowever,  the  mortality  is  low.  In 
an  outbreak  reported  by  Muller  less  than  2  per  cent.  died. 

The  sym[it(inis  df  Iwitulisiuus  vary  widely.  Indeed,  this  is  true 
ill  all  forms  of  lirouiatotoxisnius.  The  germs  that  elaborate  the 
chemical  poisims  are  by  no  Mic:ins  identical,  and  couse(iuently  the 
poisons  formed  jir(^  not  tlie  sduie.  .\s  u  rule,  (here  are  in  sausage 
]ioisoniug  (lr>  u<>ss  of  the  niontli.  consttictiou  of  the  fauces,  nausea, 
vomiting,  imrging,  vertigo,  dilation  of  tlie  )ni]iils,  and  a  sense  of  auf- 
foeiition.  Nervous  prnstratiou  and  iiiaiked  muscular  weakness  are 
often  ]>r(iniineut  symptoms  iu  those  who  nltiiii;dely  recover.  In  fatal 
ciLsea  tin-  puis*;  becotues  weak  and  cyanosis  is  well  marked.  The 
surface  grows  cold  and  is  covered  with  ])ersiiiration.  The  tempera- 
ture, which  is  at  lirst  aboV(<  th(>  Jionnai  and  may  reach  103'  F.  or 
even  higher,  rajtidly  declines  and  falls  below  tlie  normal.  Conscious- 
ness is  usually  retaiued  until  the  last  stages,  when  delirium  followed 
b\'  coma  aud  death  results.     In  some  instances  disturbances  of  vision 
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are  early  aud  i>erBiHteut.  At  first  the  patient  feelB  that  there  is  a 
film  before  the  eyes  and  tries  to  break  it  away,  then  he  goes  to  the 
window  in  order  to  get  a  better  light.  Later  everything  seems 
enveloped  in  a  cloud  aud  small  objects  are  wholly  iu\'i8ible.  The 
letters  and  words  on  a  printed  page  cannot  be  seen.  In  cases  of 
recover}'  tliis  dimness  of  vision  may  persist  for  two  weeks  or  longer. 
Ill  the  most  dangerous  cases  there  is  obstinate  (.•ouHtijmtiou,  Jisiially 
after  a  few  hours  of  freciuent  watery  stools,  although  there  may  be 
no  diarrh<en  at  all  and  the  attendant  may  £ud  the  administration  of 
cathartics  to  lie  without  efl'ect. 

Autojisy  shows  no  constant  or  characteristic  lesion.  Hyperemia 
of  the  mucous  membrane  of  the  stomach  aud  iut+'stiuos  has  been 
observed  but  is  by  no  means  universal.  Occasionall,v  tliei'e  are 
hemorrhagic  spots  in  the  alimentary  canal.  The  abdominal  and 
thoracic  viscera,  as  well  jls  the  brain,  have  been  found  engorged  witli 
blood,  but  this  is  due  to  failure  of  the  heart,  aud  is  not  at  all  char- 
acteristic of  sau.sage  poisoning.  Home  have  placed  consideralile 
stress  on  the  observation  that  putrefaction  in  unusually  delayed,  but 
Miiller  has  shown  that  no  reliance  can  l)e  placed  ujuiu  this  statement, 
and  he  says  that  in  forty-eight  recorded  autopsies  it  was  noted 
that  in  elevej  jmtrefactitm  rapidly  developed. 

All  kinds  of  theories  concerning  the  nature  of  the  iioison  have  been 
atlvance«l.  For  a  long  while  it  was  believed  to  be  a  special  fatty  acid, 
to  which  the  name  "aciduni  botidinicuni"  was  applied,  but  later 
researches  demonstrated  that  the  supjiosed  sjiecial  arid  has  no  (exis- 
tence, aud  that  the  fats  actually  present  are  harndess.  It  was  once 
suggested  that  the  harmful  ingredients  coiLsisted  of  pyroliguepus 
acid  absorlied  from  the  smoke,  but  then  it  was  ascertained  that  saus- 
age that  had  never  been  smoked  might  lie  highly  jxtisonous.  Hydro- 
cyanic and  picric  acid  have  been  mentioned,  but  how  these  could 
possibly  lind  their  way  into  the  meat  is  nion^  tliaii  any  one  can  tell. 
Moreover,  the  symptoms  are  altogether  at  variance  with  this  sug- 
gestion.    Attempts  to  isolate  the  kreotoxicous  have  all  sn  f;ir  failed. 

Instances  of  iioisoniug  with  meats  from  various  animals  aud  fnmi 
nearly  every  ])art  of  the  animal  onliuarily  used  as  food  have  been 
observed  and  reported.  Ballard  Iwlieved  that  an  epidemic  of  ]meu- 
monia  at  Middlesborough,  Englanii,  in  l.SSH,  was  due  to  infected 
meat.  This  epidemic  resulted  iu  four  hundred  and  ninety  deaths 
among  the  iron  workers  of  this  district.  Bacon  wan  believeil  to  lie 
the  bearer  of  the  infection.  Out  of  twenty  samjiles  of  tins  njeat 
examined,  fourteen  were  ilistinctly  poisonous  to  rats  and  other 
rodents  fed  with  it.  Two  other  samples  seemed  to  affect  the  animals, 
but  did  not  cause  death^  and  only  four  proved  to  be  wholly  without 
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eflfect.  The  same  germ  was  found  in  the  animal  and  in  the  people 
dead  from  the  disease.  Moreover,  the  lesions  were  very  similar  in 
the  men  aud  the  auiraaln.  The  microorjtjauisms  were  neither  the 
bacillus  of  Friediilnder  nor  the  diplofix't-us  of  Fraeukel  au<l  Weich- 
selbauni.  Tin'  disease  was  regarded  as  one  sni  generis.  The  writer 
once  ohserwd  a  Hiuall  uuinlifr  nf  eases  of  septic  pneumonia  which, 
tliere  were  good  reiwnus  for  lifli<'viiijj;,  were  due  to  infection  from  food, 
hut  as  tlie  articles  eaten  at  a  meal  partaken  of  In-  all  the  sick  had 
been  destroy ihI,  no  satisfactory  iiiveMtigation  eoidd  bo  made. 

Of  two  huiulri'd  men  at  a  liauqiiet  at  Sturgis,  Michigan,  April 
2*Jth,  18'.I4,  ovi-ry  out*  who  ate  of  the  premised  chicken  served  was  made 
ill.  Home  vvlio  wvix'  not  at  the  dinner,  Init  who  aided  in  ])reparinj; 
it,  took  small  bits  of  tlie  chicken,  and  tliese  were  also  sick.  All 
were  attacked,  within  from  t«o  to  four  lioui's  after  eating  the  chicken, 
with  uaiisea,  violent  griping,  and  jairgiug;  many  faint^nl  while 
attempting  to  arise  from  lied.  The  chickens  were  killed  Tuesday 
afternoon  and  left  hanging  in  a  market  room  at  ordinary  temperature 
until  W(>dnesday  foj-enoon,  when  they  were,  drawn  and  carried  to  n 
restaurant,  and  here  left  in  a  warm  rnnm  until  Thursday,  when  they 
were  ccwked  (not  thfiroughly),  pressed,  aud  served  at  the  banquet  that 
night.  The  chickens  contained  two  germs,  a  slender  bacillus  and  a 
strepttHMccus.  Tho  former  w«s  hdid  to  white  rats,  guinea-pigs,  and 
rabbits,  when  inoculated  intiiiperitoneidly,  intravenously,  aud  sub- 
cutaiieously.      Instanc(^s  similar  to  tliis  might  be  multijilied. 

Ernicngem  obtained  from  liam  and  from  tlie  sjileeu  of  a  person 
who  !iad  I'aten  this  ment.  a  germ  to  which  he  has  given  the  name 
bacillus  botnlimis,  (";ifs,  rabbits,  guiiii'a-j>igs,  and  apes  are  susce[t- 
tible  (o  this  gi'rni  w  lien  taken  In  the  mouth.  The  most  prominent 
symptoms  observed  wri-f  m:oked  and  iiersistent  mydriasis,  iu- 
cieasfd  How  of  the  ph.Lry Hge;il  and  bronchial  s(>cretious,  and  various 
partial  jiareses,  among  which  m.iy  be  nnnitioned  jtrolapse  of  the 
tongue,  aphonia,  aphagia,  croupy  cough,  and  retention  of  the  urine, 
f:i'i'es,  and  bile.  The  biicillus  botulinus  is  an  obligate  anaerolie  and 
elaborates  a  powerful  toxin  w  liicli  has  not  as  yet  lieen  isohtted. 

Ciscs  of  poisoning  from  the  eiiling  of  canned  meats  have  become 
ipiite  eoniiiioii.  .Vltliotigh  it  niii.\  lie  possible  that  in  some  instances 
the  mitownid  elb'i'ts  result  from  metallic  jioisoning,  in  the  gre-at 
niajoi'ity  of  instances  Hu'  poisonous  agents  are  formed  liy  putrefactive 
cli.iiiges.  ill  one  instiiiice  reported  by  Ungefug  and  coutirmed  by 
the  great  clienii^l.  lbinri<-li  Hose,  sulphate  of  /in<'  had  been  used  as 
a  ]ti'eservative  insjcatl  of  s;dt]>etre.  This  must,  however,  be  regarded 
as  exceiitional.  In  many  cases  it  is  jirobable  that  decomposition 
bi?gins  after  the  can  has  beim  opened  bv  tho  con.sumer;   in  others 
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the  carmiug  is  imijerfectly  doue  aud  imtrefactiuu  ia  far  advauceil 
Ijefore  the  food  reaches  the  consumer.  In  still  other  iiistfiuces  the 
meat  may  have  been  taken  from  diaeaned  animals,  or  it  may  Lave 
undergone  putrefactive  changes  before  the  canning. 

Erraengem  states  that  since  1867  there  have  been  reported  in 
medical  literature  one  hundred  aud  twelve  epidemics  of  meat  i)oisou- 
ing,  in  which  six  thousand  persona  have  been  affected.  lu  one  hun- 
dred and  three  of  these  outbreaks  the  meat  came  from  diseased 
jiuiuials.  while  in  only  five  was  there  any  evidence  that  imtrefactive 
cLauges  in  the  meat  hatl  faikeu  jdace. 

The  treatment  of  kreotoxisraus  should  consist  in  aiiliug  tlie 
removal  of  the  harmful  .substance  from  the  l>ody,  washing  out  the 
stomach  and  intestines,  the  adminstration  of  intestinal  disiufcctanta, 
and  the  maintenance  of  the  heart's  action. 

Milk  Poisoniiig  (QalactotoxisniuB) . 

The  term  galactotosismus  is  here  eiii])ln\cd  to  indicate;  tli*'  harm- 
ful effects  that  may  result  from  tjje  drinking  of  milk  infected  witli 
saprophytic,  toxicogenic  Imcteria.  This  excludes  all  discussion  of 
the  distribution  of  the  specific  infectious  diseases  tlirough  nulk  as  a 
caiTier  of  the  infection.  The  transmission  of  the  iufectioiis  di.seases, 
such  as  tuberculosis  and  septic  fever,  from  the  lower  ;iiiiiii;ils  to  man 
by  the  use  of  the  milk  of  the.  former  as  a  fond  liy  tin-  latter,  is  also  a 
subject  that  will  not  l>e  discussed  in  this  connection. 

It  is  certainly  true  that  infants  are  much  more  su.4ceptible  to  the 
action  of  the  galactotox icons  than  are  adults.  Neitlier  can  there 
longer  Ixi  any  doubt  that  these  iioisons  are  hirgely  resiionsiMe  for 
a  large  [>ercentag6  of  the  infantile  morUility,  which  nmst  Ix*  ad- 
mitted to  1)6  alarmingly  high  in  all  parts  of  the  world.  That  the 
summer  diarrhtea  of  iufauc\  is  due  to  milk  jtoisouing  has  been  quite 
positively-  demonstrated.  Those  dian"hu'ius  are  not  dne  to  a  specific 
microorganism,  but  there  are  many  liai-ti-ria  tlnit  grow  readil.\  in  milk 
and  elalwrate  jroisoiLS  that  induce  vomiting  and  iiurging  ami  nniy 
cause  death.  Thesa  diseases  are  found  almost  exclusively  among 
children  that  are  artificially  fed.  There  an^  ditTerenccs  in  chemical 
composition  l>etween  the  milk  of  woman  and  that  of  tlie  cow,  but 
these  variations  iu  percentage  of  ]>rotcids,  fats,  aud  carliohydj-ates 
are  of  less  importance  than  the  infection  of  milk  with  harmful  bnc- 
teria.  The  child  that  takes  its  food  exclusively  from  the  breast  of  a 
healthy  mother  obtains  a  food  that  is  free  from  jioisonous  bacteria, 
while  the  bottle-fed  child  nniy  take  into  its  body  with  its  food  a  great 
numl>er  and  variety  of  bacteria,  some  of  which  may  be  (juito  deadly 
Vol.  XML— 4 
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in  their  effects.  The  dLarrliceas  of  infancy  are  practically  confined 
to  the  hot  months,  because  a  high  temperature  is  essential  to  the 

growth  and  wide  distribution  of  the  poison-producing  bacteria. 
Moreover,  dec<jm])OHiug  matter  may  harbor  and  support  these  bac- 
teria at  a  time  when  the  outdoor  temperature  is  high  enough  to 
allow  of  tlioir  growth.  The  emi»hatic  way  in  which  attention  haa 
lieeu  callnd  withiu  recent  yeam  to  the  danger  of  infected  milk  has  led 
to  marked  improvement  in  the  handling  of  this  article  of  diet,  but 
that  there  is  yet  room  for  improvement  in  this  direction  must  be 
granted.  The  .sterilization  and  pasteurization  of  milk  have  doubt- 
lessly saved  the  lives  of  many  children,  but  it  remains  a  fact  that 
the  mo.st  intelligent  often  fail  to  secure  milk  that  is  altogether  safe. 

Fliiggo  has  made  a  must  valuable  cuutribution  to  our  knowledge 
of  the  bacteria  in  milk  that  may  elaborate  poisons  and  induce  the 
symptoms  observed  iu  the  suumier  diarrhftas  of  infancj'.  He  finds 
ill  milk  four  anaerobic  liaeteria  and  two  of  these  may  produce 
poisons.  A  milk  culture  of  one  of  these  was  passed  through  a  Berke- 
f  Id  tilt^^r  Hiul  injected  sulnnitaneously  in  mice  in  amounts  of  from 
0.3  to  O.fi  V.C.  The  mice  died  after  from  three  to  fifteen  hours.  Sec- 
tion showed  distinct  hy]>eri«mia  of  the  intestines  and  the  presence  of 
transudates  in  tlie  jieritoueal  and  jileural  cavities.  Larger  doses  (5 
c.(;.),  given  iiitraubdominally,  kilk'd  guinea-pigs  within  from  fifteen 
to  twenty  luiurs.  These  bacilli  cannot  lie  considered  harmless,  and 
it  is  worthy  of  note  that  they  grow  nnu-h  lietter  at  from  30^  to  37°  C 
tliau  tlje\'  do  In^Iow  'i"2  <J.  Some  of  the  anaerobic  bacteria  produce 
a  disagreeable  odor  in  milk  and  this  would  probably  prevent  an  adult 
from  drinking  it,  but  it  might  be  disregarded  by  a  hungry  infant. 

Fiiigge's  most  interesting  results  were  obtained  by  the  study  of 
the  jieptonizing  bacteria  in  milk.  Twelve  species  of  this  kind  were 
isolated  aud  shulii'd.  Milk  infected  with  pe]itouiziug  bacteria  de- 
velo|ps  thf'  bitter,  irritntiug,  characteristic  taste  of  pejitonea,  but  this 
would  not  bi'  oljservalilo  during  the  first  few  days  of  the  growth  and 
it  is  at  tliis  time  that  it  would  Ki  taken  by  children.  Indeed,  a 
Haiii|ile  of  milk  may  eoutaiii  ]iiillioiis  of  ]ieiitouizing  bacteria  aud  still 
be  sutliciently  agreeable  to  the  taste  to  be  readilj'  taken.  These  bac- 
teria grow  rai)idly  at  a  temiieniture  as  liigh  as  44°  C,  and  their 
sixires  re.si.st  a  temjierature  of  lilO  C.  maintained  for  two  hours. 
Tliis  demonstrates  tlie  fact  that  these  bacteria  escape  ordinary  steril- 
ization. Moreover,  tlie  necessity  of  keejiiug  the  milk  fed  to  children 
at  a  low  temperature  is  shown  by  tlie  observatitm  that  these  germs 
fail  to  multi]ily  except  when  the  tetiiperature  is  high.  Sterilization 
may  destroy  the  developed  bacilli,  while  the  S[iores  remain  possessed 
of  vitality,  but  fail  to  develop  if  kept  at  a  low  temperature.     Of  the 
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twelve  ijeptouizdng  bacteria  iaolated  by  Fliigge,  nine  failed  to  develop 
any  poison.  Therefore  any  Larinful  eflfecta  attributable  to  them 
must  be  due  to  the  pe]jtoDea.  It  is  interesting  to  note  in  this  con- 
nection that  it  is  by  no  means  certain  that  it  is  well  to  feed  children 
upon  milk  jjeptonized  by  the  agency  of  l)acteria  or  by  means  of  the 
digestive  ferments.  lu  testing  the  nutritive  value  of  iiejitoues  on  tlie 
lower  animals  and  on  Ixith  healthy  and  .sick  men,  severe  intestinid 
irritation  has  V>een  induced.  Ziintz  found  that  dogs  fed  upon  pe{)- 
tones  suffered  front  an  abundant  watery  iliarrhd'a  and  eliminated 
from  three  to  six  times  as  much  unused  nitrogen  as  thn.se  fed  ujiou 
meat.  Pfeiffer  caused  in  himself  and  in  another  mau  intestinal  irri- 
tation and  diarrhtt'a  by  large  doses  of  jiejitoues.  Nenitioister  Htiit<^s: 
"By  long-continued  use  of  these  jirejiaratinns  symptoms  of  marked 
irritation  and  injury  to  the  intestines  uniformly  resulted,  and  conse- 
(^uently  the  prescription  of  albumose.s  in  diseiuse  can  scarcely  be 
regarded  hh  rational." 

With  the  three  other  jieptonizing  bacteria  from  milk  Fliigge 
obtained  juisitive  results.  Cultures  of  No.  I.,  two  days  old,  injected 
in  iiuautities  of  2  c.c.  into  the  dorsal  lymph  sacs  of  frogs  caused  at 
first  slowness  of  motion,  and  loss  of  reflex,  after  one  hour  paralysis 
of  the  extremities,  and  after  four  liours  deatli.  lu  doses  of  0.5  c.c, 
subcutaneous  injections  killed  mice  after  from  live  to  six  hours. 
"With  the  exce[ition  of  tlie  abseuce  of  voluntary  movements  and  tardi- 
ness of  reaction,  no  symptoms  were  manifested  by  these  animals. 
Five  cubic  centimetres  given  iutraabdominaUy  to  guiuea-jiigs  caused 
marked  dyspnoja  and  death  after  from  four  to  seven  lioui-s.  lu  these 
animals  the  alnlomen  was  retracted,  and  liaiidliiig  tlieta  evidently 
caused  pain.  Section  siiowed  hypcnomia  of  the  pfM'itoneum,  serous 
coat  of  the  intestines,  and  kidneys.  Dogs  drank  witli  apjiareut  relish 
large  fpiautities  of  milk  cultnre  fif  this  liacillus,  but  about  one  hour 
later  severe  diarrhoea  set  in  with  a  disc]iai'g<!  every  few  luiuuces. 

Milk  cultures  of  No.  III.  were  without  efl'ect  (ai  frogs  and  mice, 
but  caused  sharp  diarrlnea  accompanied  by  a  severe  abdominal  jiain 
iu  jiuiipies  when  administered  by  the  mouth:  "One  of  the  jaijiities 
showed  on  the  second  day  progressive  exhaustion,  paralytic  weak- 
ness of  the  extremities,  and  a  fall  in  the  temperatnie.  He  died  on  the 
third  day.  Section  showed  hype riemia  of  tlie  kidneys;  notiuiig  else 
worthy  of  note. " 

"Bacillus  No.  VII.  injected  in  milk  culture  into  frogs,  mice,  and 
guinea-pigs  had  no  marked  action.  When  tlio  culture  wjis  filtered 
through  a  Chamberlaud  bougie  and  concentrated  iu  vacuo  to  one-fiftli 
its  volume,  it  killed  mice  and  guiuea-[iigs  in  doses  of  0.6  and  5  c.c. 
respectively.     Death,  which  followed  in  from  six  to  twelve  bom's,  was 
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preceded  by  dy8pua3a  and  convulsive  movements.  Section  showed 
notliiug  characteristic.  Even  the  unconcentrated  milk  cultures  acted 
powerfully  when  fed  to  puppies.  After  feeding  for  one  or  two  days 
l>rofu8e  diarrlnjL'a  set  in,  but  disappeared  the  next  day  (the  feeding 
being  discontinued) .  The  diarrhuja  was  accompanied  by  great  ema- 
ciation, weakueH.s  of  tho  e.xtroiuities,  and  tottering  gait.  As  soon  aa 
the  use  of  the  cidtiiro  was  discontinued,  and  ordinary  luilk  given, 
improvement  began  and  continued  until  complete  recovery.  Two 
puppies  after  recovery  were  again  fed  with  the  culture.  After  a 
short  time  the  profu-se  diarrlitca  with  its  accctrapanyiug  symptoms 
reappeared. " 

Fliigge  concludes  that  the  effects  of  these  cultures  cannot  lie  due 
to  the  peptone,  or,  if  so,  they  must  elaborate  8i>ecial  peptones.  The 
symptoms  and  tho  post-mortem  findings  are  not  those  of  peptone 
lioisoniiig.  Morcdver,  the  bacillus  that  forms  the  least  amount  of 
peptone  yielded  the  uK>st  virulent  cultures.  In  market  milk  Fliigge 
found  these  poisonous,  peptonizing  bacteria  frequently  present  iii 
pure  cultures. 

Liiidiert  lias  continued  Fliigge's  work  on  the  pe]>toniziug  bacteria 
of  milk.  He  states  that  they  are  widely  distributed,  being  found  tu 
hay,  ill  the  suil,  and  in  the  ficces  of  cows.  They  do  not  grow  at  ik 
temperature  below  '22'  C,  and  their  sjiores  resist  100'  C.  for  two 
hours.  These  bacteria  act  solely  upon  the  proteids  of  milk,  at  least 
during  the  first  twelve  days.  Liibbert  shows  this  to  be  true  by  the 
fulldwiug  table: 


1 


ExperimenL 

Till- stfrili-  milk  uoulftins. 

Inrec(ed 

lltid  kfpt  «t  ST- 

t'Toue  d;iy. 

.\fter  8(i  dajR. 

.*ft^r  twelve 
(iBja. 

I 

Fat, 3.(KI(li.(..rci'nt. 

Protciil  ..3.3:J0 
Sugar...   4.2S!t 

Fat 3.(>()(5 

F'r(itc-iil...3.32!l 
Sui»ar  ,...4.2!>4 

2. 9tt8 
2. 1.-IS 
4.2H87 
3.(l((9 
2. 4(>() 
4.2i)4 

.3. 001 

1.403 
4.2S9 
3.0(14 
1.1.H4 
4.2!ll 

2.990 

11 

0.7S5 
4.389 

3.000 

0.874 
4.294 

It  will  bo  seen  that  while  the  fat  and  carbohydrate  remaiuetl  undi- 
minished, the  atiiount  of  jiroteid  was  greatly  reduced.  Caseoses  were 
formed,  ainl  sodie  of  thoo  could  be  precipitated  by  co]>per  sulphate 
while  a  portiou  cnuld  lie  removed  fiDui  sulutiiiu  by  i)reci]>itatiou  with 
amniDuiuni  sdlphute.  .\iiiidci-iicids  were  ijut  found.  Some  <if  this 
milk  was  fed  to  four  guinea-pigs  twf>iity-four  hours  after  inoculation. 
All  of  these  animals  died  within  fnur  da>s.  Three  young  jiuiipies 
fed  with  the  same  milk  de\eloped  severe  diarrhn-a  two  hours  after 
taking  tho  milk,  and  dii-d  on  the  fourth,  sixth,  and  seventh  days. 
Ajiothar  puppy  was  fed  up<m  tlie  freshly  infected  milk  and  developed 
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a  diarrhoea  that  continued  for  three  daj's  and  then  terminated  in 

recovery.  A  fourth  dog,  several  months  older,  took  the  milk  freely 
without  any  effect,  thus  showing;  that  aye  gives  immunity  to  the 
poison  in  dogs,  as  it  undoubtetUy  does  iu  children. 

'Section  of  the  animals  killed  with  the  milk  showed  only  slight 
.swelling  and  injection  of  the  mucous  membrime  of  the  small  intes- 
tines. The  germs  were  not  found  outside  the  intestinal  canal,  and 
both  sulK'utaue()us  and  iutraab<lf>miual  inoculations  with  small  quan- 
tities of  pure  culture  were  without  effect.  Two  cubic  centimetres  or 
more  of  milk  culture  twelve  hours  old  or  older  given  intniabdomiu- 
all3'  caused  death.  By  growing  the  milk  cultures  iu  thin  lavcrs  with 
large  sm"face  exposure  the  vinilence  was  so  far  increased  that  1  c.c. 
given  intraabdomiually  to  guinea-pigs  caused  death.  In  the  animals 
killed  by  intraabdominal  injections  of  from  ;"5  to  10  c.c.  of  milk  cul- 
ture, an  intense  enteritis  Wius  found.  Tiie  serosa  was  dark  red  and 
dotted  with  pinheail,  hemorrhagic  spots.  In  some  instances  a  small 
amount  of  bloody  fluid  was  found  in  the  peritoneal  cavity. 

Liiblwrt  has  fuimd  that  the  cells  of  these  b.'u-teria  contain  the 
chemical  [>oisoD,  and  when  the  bacteria  are  removed  from  cultures 
by  filtration  the  filtrate  is  wholly  inert.  Moreover,  when  the  bacteria 
are  killed  by  the  action  of  heat  or  by  exposure  to  vapor  of  chloro- 
form, the  poisonous  constituent  is  rendered  innocuous.  It  retjuires 
from  tvs-enty- three  to  tweuty-fonr  millious  of  these  bacteria  injected 
intraabdomiually  to  kill  a  guinea-pig  weigliiiig  3(M)  gm. 

The  writer  has  olitained  these  pejitonizing  bacteria  from  the  milk 
taken  by  a  child  about  two  hours  before  tlie  onset  of  a  severe  form 
of  sumraer  diarrhcea,  and  can  confirm  the  above-meiiHoiied  statement 
from  Liibl)ert.  Milk  cultures  were  kept  iu  an  incubator  from  oue  to 
forty  clays,  and  at  no  period  during  this  time  was  the  milk  after 
removal  of  the  germs  by  filtration  found  to  1«3  jioisonous.  Indeed, 
with  some  of  these  pe7)touizing  bacteria  cultures  aft-er  the  fifteenth  or 
sixteenth  day  contain  oidy  dead  bacilli,  and  when  this  point  is 
reacdied  the  unfiltere*!  milk  is  not  poisonous.  The  [leptoniziiig  bac- 
teria with  which  I  have  worked  are  probably  not  identical  with  those 
studied  by  Fliiggo  and  Liibbert,  but  they  belong  to  the  same  class. 

With  these  facts  before  us  there  can  scarcely  bn  a  doubt  ihat  the 
pept<mizing  bacteria  of  railk  constitute  an  iinjiortant  factor  in  the 
causation  of  the  summer  diarrhteas  of  infancy,  and  tliat  these  dis- 
eases are  cases  of  galactotfixismus.  I  will  offer  a  theoretical  explanu- 
tion  of  the  susceptibility  of  infants  to  these  bacteria,  and  the  im- 
munity of  older  children  and  adults  to  the  same.  In  doing  so,  I  will 
make  the  follo%ring  quotation  from  an  article  written  by  myself  in 
1888  (Medical  News,  No.  52,  1888,  p.  621). 


54  VAUOHAN— PTOStAlSB,   T(JXIN9,   AKB  LEUCOMAlfXS. 

"If  it  l>e  true,  as  is  stateil  l»y  Traube  and  Eselierich,  that  in  the 

young  child  stomacLic  digestion  is  of  less  importance  than  intestinal 
digestion,  and  thiit  the  stomach  ia  more  a  receptacle  into  %vhich  the 
milk  is  received  for  coagulati<m  than  a  digeative  organ,  then  we  have 
the  most  favorable  conditions  for  the  growth  and  iwtivity  of  the  bac- 
teria that  are  introduced  with  the  food.  These  experimenters  claim 
that  thu  younger  the  child  the  less  iictivo  is  digestion  iu  the  stomach, 
and  that  in  this  organ  the  milk  is  coagulated  and  is  passed  through 
the  ]>>loni3  undigested.  Hanunarsten  some  years  ago  showed  that 
this  is  iargi'ly  tlie  case  iu  the  dog  and  rabbit.  Hoffraeister  and  Taj)- 
peiner  tiud  that  the  stomach  does  not  absorb  soluble  substanoea  as 
rapidly  us  does  tlie  mucous  meiubrane  of  the  small  intestines;  and 
Zwcatfct  lias  stated,  and  in  this  Jib  is  su])ported  by  Hammarsten, 
that  the  proteolytic  activity  of  the  pancreatic  juice  is  relatively  well 
di'vehijH'd  in  the  iimvly  born.  Furthermore,  it  has  lieen  demon- 
strated by  Eichhorst  tliat  the  intestinal  mucous  membrane  (in  the 
infant)  will  alvsorb  unchanged  casein."  I  would  suggest  that  the 
susc(']ptibility  of  infants  to  tliese  bacteria  is  due  to  the  great  readi- 
ness with  whicli  till'  mucous  membrane  of  the  intestines  of  infants 
abs(u-bs  casein,  and  that  the  casein  carries  along  with  it  the  bacterial 
cells  coutaijiiiig  the  <'he!uical  poison.  Later  iu  life  the  stomach 
becomes  of  more  iniiiortaiice  as  a  digestive  organ  and  absorptiuB 
through  thr  wall  of  the  iiitestiiics  is  modified. 

It  must  not  lie  iiifrrrcd  tliat  the  iieptoniziug  bacteria  are  the 
only  poisoiunis  germs  thai  find  tlieir  way  into  milk,  or  that  adulls 
are  iiiimuiie  to  cver>'  form  of  gahu3totoxisraus.  Neither  can  it  be  aa- 
siimcd  that  other  microtirgaiiisiiis  may  not  cause  the  summer  diar- 
rliii'as  of  infiiiii'v.  Siitiic  nf  these  bacteria  do  elaborate  soluble 
cliciiiicid  poison.  Some  years  ago  the  flTiter  found  tyrotoxicon  in  a 
saiiiph'  of  milk,  the  ihiuking  of  which  was  followed  by  a  violent 
fonii  of  I'lioh^ra  iiit'aiituiii.  Nine  years  ago,  I  wrote  the  following 
sentence,  which  lias  bi'i-n  contirmed  by  subsequent  researches:  "The 
niiiTonigniiisiiis  which  induce  the  catarrhal  or  mucous  diarrhceas  of 
infanry  may  be,  and  probably  arc,  oul>  putrefactive  in  character,  but 
those  wliiili  causi>  tli<'  cholerifonu  or  serous  diarrhoeas,  time  cholera 
infantum,  an'  more  than  putrefactive — they  are  pathogenic;  they  pro- 
duce a  di'liiiite  chi'iiiical  |)ois(>n  the  absorption  of  which  is  followed 
by  the  symjitnms  of  ilie  iliseiise." 

In  ISDO  I  studied  the  chemical  products  of  three  of  the  germs 
olitaini'd  by  Donker  from  tlie  ficces  of  children  with  summer  diar- 
rho-a.  Of  these  bacteria  Booker  stated :  "X  was  found  almost  as  a 
]iuro  culture  iu  the  f.eccs  of  a  fatal  ca.se  of  diarrhcea;  n  was  strongly 
pathogenic  when  tested  last  winter.     A  was  isolated  last  summer; 
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liquefies  gelatiii,  and  belongs  to  the  proteus  group."  Beef-tea 
coltores  of  these  germs  were  kept  in  the  incubator  at  37°  G.  for  ten 
days,  and  then  twice  filtered  through  heavy  Swedish  filter  paper. 
The  second  filtrate  was  allowed  to  fall  into  a  large  volume  of  absolute 
alcohol  feebly  acidified  with  acetic  acid.  The  precipitates  that 
formed  in  the  alcohol  were  collected  and  dried  on  porous  plates,  and 
their  action  on  animals  was  tested.  The  precipitate  obtained  from 
cultures  of  X  waa  slightly  yellow  as  seen  deposited  in  alcohol,  but 
became  greenish  on  exposure  to  the  air.  It  was  freely  soluble  in 
water,  and  gave  the  biuret  and  xanthoproteic  rections.  It  was  pre- 
cipitated by  saturating  its  aqueous  solution  with  ammonium  sulphate, 
and  could  not,  therefore,  be  classed  among  the  peptones.  Sodium 
sulphate  and  carbonic  acid  failed  to  precipitate  it  from  aqueous 
solution,  consequently  it  cannot  be  a  globulin.  The  precipitate 
obtained  from  cultures  of  a  was  flocculent  and  perfectly  white,  but 
blackened  on  exposure  to  the  air.  The  precipitate  from  cultures  of 
A  differed  from  the  others,  inasmuch  as  it  was  wholly  insoluble  in 
water.  All  of  these  precipitates  were  highly  poisonous,  and  when 
injected  under  the  skin  of  kittens  and  dogs  caused  vomiting  and 
purging.  Section  showed  the  small  intestines  pale  throughout  and 
constricted  in  places.  The  heart  was  invariably  found  in  diastole 
and  filled  with  blood.  The  following  brief  notes  illustrate  the  nature 
of  the  symptoms  and  the  post-mortem  appearances : 

A  small  amount  of  the  poison  from  X  was  dissolved  in  water  and 
injected  under  the  skin  on  the  back  of  a  kitten  about  eight  weeks  old. 
Within  one-half  hour  the  animal  began  to  vomit  and  purge,  and 
death  resulted  within  eighteen  hours.  The  mucous  membrane  of  the 
small  intestines  was  pale.  The  intestines  were  contracted  in  places 
and  contained  a  frothy  mucus.  The  stomach  was  distended  with  gas, 
and  contained  some  mucus  stained  with  bile.  The  livor  was  normal, 
the  spleen  and  kidneys  were  congested,  and  the  heart  was  distended. 

A  second  kitten  treated  with  the  poison  from  bacillus  a  vf)niited 
and  discharged  from  the  bowels  green  matter.  This  animal  died 
after  fifteen  hours,  and  presented  appearances  practically  identical 
with  those  mentioned  above. 

A  third  kitten  was  treated  with  some  of  the  precipitate  from  cul- 
tures of  bacillus  A,  suspended  in  water,  and  presented  substantially 
the  same  symptoms  and  post-mortem  conditions. 

Ten  milligrams  of  the  dried  poison  from  bacillus  a,  injected  under 
the  skin  of  a  guinea-pig  caused  death  within  twelve  hours.  Fifteen 
milligrams  of  the  same  substance  was  employed  hypodermically  on 
each  of  two  kittens.  One  died  after  forty-eight  hours,  and  the  other 
recovered  after  two  days  of  vomiting  and  purging.     Two  dogs,  of  about 
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five  pounds  weight,  had  each  40  mgm.,  and  after  serious  illness  of 
two  days'  duration  speedily  recovered.  During  these  two  days  of 
vomiting  and  purging  the  dogs  were  constantly  shivering  as  with 
cold,  but  the  rectal  temperature  stood  at  from  102.5°  to  103°  F. 

Uudor  cheese  poisoning  I  shall  describe  the  chemical  products  of 
a  bacillus  found  by  Perkins  and  myself  in  cheese  and  ice-cream. 
Milk  cultures  of  this  germ  are  highly  virulent,  and  the  depressing 
action  on  the  heart  suggests  that  physiologically  it  belongs  to  the 
muscarine  group. 

Members  of  the  colon  group  of  bacteria  frequently  find  their  way 
into  milk  from  udders  foul  with  faeces  from  the  cow.  Some  of  these 
may  induce  an  enteritis  closely  resembling  typhoid  fever.  Such 
cases  have  been  studied  and  described  by  Gaifky  and  Behn. 

Alt  reixtrts  an  epidemic  of  diarrhoea  among  children  taking  milk 
from  cows  fed  upon  bran  made  from  grain  contaminated  with  two 
kinds  of  mould.  Alt  supposes  that  either  the  bran  contained  poisons 
which  were  eliminated  in  the  milk,  or  that  the  moulds  elaborated 
chemical  poisons  in  the  intestinal  tract  of  the  cow,  and  these  passed 
into  tlie  milk.  He  regards  the  former  supposition  as  the  more  prob- 
able, sinie  the  cows  showed  no  evidence  of  unusual  irritation  of  the 
intestines.  The  milk  was  taken  with  attention  to  cleanliness  and 
cared  for  in  an  unobjectionable  way.  It  was  always  sterilized  before 
being  fed  to  the  child.  This  empha.sizes  the  great  difficulty  in  pro- 
tecting children  against  jioisons  that  may  be  formed  in  milk. 

Further  researches  on  the  galactotoxicons  are  much  needed,  but 
owing  to  the  comi)lex  composition  of  milk  cultures  they  are  notori- 
onslv  nnsuitabhi  for  the  isolation  of  chemical  poisons. 

Tli(^  Irmfuioit  of  galactotoxismus  should  be  prompt  and  energetic. 
The  stomach  should  be  thoroughly  washed  with  a  tube,  the  large 
intestines  slxjuld  bo  well  irrigated  with  w.arm  water,  and  then  a  pint 
of  cool  water  containing  from  tifteen  to  thirty  grains  of  tannic  acid 
slioulil  immediately  follow.  Some  of  the  galactotoxicons  are  either 
l)roteids  or  arc^  lield  in  close  admixture  with  them,  and  are  rendered 
less  soluble  by  agents  that  precipitate  proteids.  After  the  stomach 
has  been  well  washed,  calomel  may  bo  given  for  its  action  on  the  small 
intestines.  Irrigation  should  bo  repeated  as  soon  as  the  vomiting  or 
l)nrgiiig  recurs.  This  may  seem  to  Ije  heroic  treatment,  especially  in 
children,  l)ut  these  are  cases  of  poisoning,  and  the  poison  may  be 
removed  more  ])rom])tly  and  thoroughly  and  with  less  exhaustion  to 
the  jiutient  if  nature  be  aided  by  these  moans.  Very  small  doses  of 
atropine  may  be  given  hj'podermically  in  those  cases  resembling  mus- 
cariu  jioisoning.  When  the  tempei'aturo  goes  to  103°  F.,  an  ice  cap 
on  the  head  is  often  beneficial.     With  a  higher  temperature  the  cold 
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bath  with  constant  friction  should  be  employed.  The  use  of  the 
coal-tar  derivatives  for  the  purpose  of  reducing  the  temperature  is  to 
be  condemned.  The  administration  of  milk  in  any  form  is  to  be 
discontinued.  This  prohibition  should  be  absolute  and  should  hold 
antil  recovery.  After  the  stomach  has  been  washed,  stimulants  may 
be  administered  by  the  mouth.  There  is  nothing  better  than  whiskey, 
and  this  should  be  diluted  with  cold  sterilized  water. 

The  diapers  of  children  suffering  from  milk  infection  should  be 
disinfected,  and,  what  is  of  more  importance,  the  nurse's  hands 
should  be  disinfected  after  she  has  removed  the  diajjer. 

Cheese  Poisoning   (Tyrotoxismus) . 

In  order  to  avoid  repetition  I  shall  include  under  this  heading  the 
untoward  effects  that  may  follow  the  eating  of  not  only  cheese,  but 
other  milk  products,  as  ice-cream,  custard,  cream  puffs,  etc.  It  is 
evident  that  any  poison  contained  in  milk  may  exist  in  the  various 
milk  products,  and  it  is  quite  impossible  to  draw  any  shari)  line  of 
distinction  beween  galactotoxismus  and  tyrotoxismus.  However,  as 
I  write  this  I  find  that  I  am  attempting,  unconsciously  up  to  this 
point,  to  make  a  distinction  and  to  avoid  repetition.  I  have  dis- 
cussed under  milk  poisoning  those  galactotoxicons  to  which  children 
are  especially  susceptible,  and  I  will  now  proceed  to  a  study  of  those 
bacterial  poisons  that  may  be  formed  in  milk  and  its  products  and 
against  which  age  does  not  give  immunity.  While  this  distinction 
cannot  be  sharply  made,  I  fancy  that  for  the  purposes  of  this  paper 
it  will  not  be  altogether  devoid  of  merit.  Milk  is  ])ractic!illy  the 
sole  food  during  the  first  year  or  eighteen  mf)nths  of  life.  Conse- 
quently, the  effect  of  iis  poisons  upon  infants  is  of  the  j^reatest  im- 
portance to  the  practitioner.  On  the  other  hand,  milk  ])rodncts  are 
seldom  taken  by  the  infant,  while  they  are  frequent  articles  of  diet  in 
after-life. 

The  tyrotoxicon  discovered  by  the  writer  in  1884  has  been  so  fre- 
quently mentioned  and  its  action  so  fully  described  that  it  will  be 
passed  over  in  this  article  biieflj-.  The  s\  mptoms  induced  by  this 
poison  usually  appear  within  from  two  to  four  houra  after  the  milk 
or  milk  product  containing  it  has  been  taken.  In  a  few  instances 
the  symptoms  are  dela3'ed  beyond  this  time  and  in  these  cases  they 
are  likely  to  be  slight  and  transient.  The  severity  varies  with  tlie 
quantity  of  the  poison  taken.  At  first  there  is  dryness  of  the  month 
followed  by  constriction  of  the  fauces,  then  nausea,  vomiting,  and 
purging.  The  vomited  matter  at  first  consists  of  the  food  taken, 
then  it  becomes  watery  and  may  be  stained  with  blood.     The  stools 
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also  are  at  first  semi-solid  and  then  become  watery  and  seroos.  The 
heart-beat  grows  weak  and  irregular,  and  in  severe  cases  the  face 
shows  marked  cyanosis.  Dilatation  of  the  pupil  is  seen  in  some,  not 
in  all.  The  vomiting  and  purging  may  be  followed  by  great  nerroos 
jjrostration  from  which  recovery  follows  slowly.  In  the  most  dan- 
gerous cases,  those  most  likely  to  terminate  fatally,  the  vomiting 
may  l>e  slight  and  soon  cease  altogether,  and  the  bowels  are  consti- 
l)ated  from  the  Ijeginning.  These  are  the  cases  demanding  prompt 
and  energetic  treatment.  The  stomach  and  bowels  should  be  thor- 
oughly irrigated  iu  order  to  remove  the  poison,  and  the  action  of  the 
heart  must  Ije  sustained. 

Some  writers  seem  to  think  that  this  tyrotoxicon  is  the  only 
poison  present  in  harmful  cheese  and  other  milk  products.  This 
idea  is  due  to  a  misconception  of  the  way  in  which  these  poisons 
are  formed.  I  liave  demonstrated  the  presence  of  other  poisons  in 
these  articles  of  food,  and  my  studies  lead  me  to  believe  that  this  is 
not  the  oue  most  frequently  present  nor  is  it  the  most  active  one. 

Iu  1890  I  reported  my  further  studies  in  poisonous  cheese  in  the 
following  words:  "During  the  past  two  or  three  years  we  have 
received  at  tlie  Hygienic  Laboratory  of  Michigan  University  a 
number  of  samples  of  cheese  which  it  was  claimed  had  caused  nausea 
and  vomiting  in  those  eating  of  them  and  in  which  we  were  unable 
to  detect  tyrotoxicon.  Some  of  these  samples  produced  vomiting 
and  i)urging  in  cats  and  dogs  to  which  the  cheese  was  fed  directly. 
Tlie  evidence  that  these  samples  had  been  the  actual  cause  of  the 
sickness  of  the  jjeople  who  had  eaten  them  was  thus  confirmed  by 
the  ex|)Prinients  u])ou  animals.  But  inasmuch  as  we  were  unable 
to  dot(H't  tlie  i)oisou,  we  were  compelled  to  report  as  follows : 

"The  ])()iH<)Uous  character  of  the  cheese  has  been  proven  by  ex- 
lievinionts  upon  animals,  l)ut  we  have  failed  to  demonstrate  the  na- 
ture of  tlie  jjoison.     Tyrotoxicon  could  not  be  detected. 

"  One  saiiii)le  of  this  class  was  found  by  Novy  to  be  very  poison- 
ous. Some  of  this  cljeese  was  covered  with  absolute  alcohol,  and 
after  standing  in  a  dish  for  some  weeks  the  alcohol  was  allowed  to 
evajiorate,  tiien  100  gm.  of  the  cheese  was  fed  to  a  young  dog  and 
caused  its  dcatli  within  a  few  hours.  Sterilized  milk  to  which  a 
small  l>it  of  the  ehoese  had  been  added  after  standing  in  the  incuba- 
tor at  .■>•")  ('.  for  twenty-four  liours  became  so  poisonous  that  100  c.c. 
of  it  intrnduccd  into  the  stonmcli  of  a  full-grown  cat  caused  death. 
Novy  made  jilate  cultures  from  tlie  cheese,  and  from  the  spleen  and 
liver  of  tlio  dead  animal,  and  succeeded  in  identifying  one  germ  as 
coinnmn  to  ])otli.  Sterilized  milk  inoculated  with  a  pure  culture  of 
this  germ  and  kept  in  the  incubator  proved  fatal  to  cats.     But  this 
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genu  gradually  lost  ita  toiicogenic  proiierties,  wLich  could  not  be 
restored  by  auy  of  the  metliods  tried. 

"In  a  second  class  of  sainplej^  the  imisonoua  character  of  the 
cheese  could  not  be  demonstnited  by  direct  feeding.  Cats,  rats,  and 
dogs  were  fed  with  the  same  (luantities  as  above  mentioned  without 
any  ai)i)reciable  effect." 

Tlie  report  made  upon  these  samples  was  as  follows :  Animals 
fed  upon  the  cheese  were  not  affected.  Tyrntoxicon  could  not  !» 
found.  The  sickness  of  the  ]ieople  was  probably  due  to  some  other 
cau.se. 

"  The  la.st  sentence  f>f  this  report  was  probably  wrong,  jw  will  lie 
shown  by  the  following  experiment:  2  kgin.  f)f  a  cheese  of  thi.s  class 
were  extracted  repeatedly  with  absolute  alcohol.  Tlie  part  inHoluble 
in  alcohol  was  then  extracted  with  water.  The  iuineouH  extract  after 
filtration  was  allowed  to  fall  slowly  into  tlm-e  times  its  volume 
of  alwolut<^  alcohol.  A  voluminous  flocculeut  ]>recipitjito  resulted. 
After  twenty-four  hours  the  supernatant  fluid  was  decanted  and  the 
precipitate  was  dissolved  in  water  and  reprecijiitated  witli  absolute 
alcohol;  then  it  wiis  collected  and  speedily  dried  on  porous  plates. 
A  small  bit  of  this  [irecipitate  was  dissolved  in  water,  and  forty  drops 
of  this  solution  injected  under  the  skin  on  the  back  of  cats  jtroiluced 
invariably  within  one  hour  vomiting  and  jmrging.  After  the  jiartial 
collapse  which  followed  tlie  vomiting  and  ]>urging,  and  which  was 
evidenced  by  the  animal  sitting  with  its  chin  resting  on  the  floor, 
recovery  gradually  folkiwed. 

"This  substance  belongs  to  the  so-called  poisonous  allaimius. 
From  its  afpieous  solutions  it  is  not  precipitated  by  heat  (U-  nitric 
acid  singly  or  combined.  Its  solutions  res[Jond  to  the  biuret  test. 
It  is  not  precipitated  by  saturation  with  sodium  sidphate,  nor  by  a 
current  of  carbonic-acid  gas;  therefore  it  is  not  a  globulin.  It  is 
jjrecipitated  by  saturation  with  ammonium  sulphate;  and  this  fact 
removes  it  from  the  peptones." 

In  1895  I  was  called  upon  to  investigate  a  siiddeu  death  which 
was  probably  due  to  cheej^e.  A  man  ate  a  lunch  consisting  of  cheese, 
crJickers,  milk,  and  dried  beef.  Within  an  hour  he  complained  of 
severe  pains  in  his  stomach.  Ineffectual  attomjits  were  made  by  the 
physician  who  was  summoned  to  induce  vomiting  and  to  move  the 
bowels.  Death  resulted  apparently  from  exhaustion  twenty-two 
hfiurs  after  the  lunch.  The  cheese,  it  was  saitl,  had  been  in  the 
house  for  three  mouths  and  none  of  it  had  Vieen  eaten.  I  was  fur- 
nished with  only  a  small  bit  and  the  only  chance  of  detecting  a  poison 
was  by  means  of  cultures.  There  was  found  in  the  cheese  a  bacillus, 
cultures  of  which  after  sterilization  by  filtration  through  porcelain 
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killed  guinea-pigH,  white  rats,  antl  rabbits.     The  nature  of  the  poiara 

was  not  ascertiiined. 

In  August,  1HU5,  I  rei-eiveil  a  glass  jar  containing  a  small  quantity 
of  ice-orpjira  which  had  ixiiHoued  a  nuiuijer  of  people  in  a  small  village 
in  uorthoru  Michigau.  Iti  Odolwr  of  the  same  year  Dr.  Morris,  of 
VasHiir,  Miclj.,  sfiit  nw  a  small  piece  of  cheese  which  had  caused 
alarming  illuows  in  a  iiumher  of  people  of  that  place.  These  sum]>le8 
nf  suspected  food  were  examined  by  Perkins  and  myself.  The  toxi- 
cogiMiic  goniw  in  the  two  articles  were  found  to  be  the  same,  a  fact 
which  \va.s  suggested  by  tlie  similarity  in  the  symptoms  observed  aud 
reported  by  the  attending  i)hysioians  at  the  two  places.  Some  fifty 
poo|)lG  i)art<iok  of  the  creatn  and  all  were  more  or  less  similarly 
afl'ccti'd.  The  number  known  to  have  suffered  from  eating  the  cheese 
was  twelve.  There  were  no  deaths.  The  symptoms  api)eared  from 
thre)>  to  six  hourn  .ifter  the  food  was  eaten.  The  first  evidence  of  ill- 
ness consisted  of  nausea,  whicli  in  all  wa'^  followed  by  vomiting. 
Diarrhifa  wns  jin'Sfiit  in  the  majority,  but  not  in  all.  The  vomiting 
was  accomjiaiiifd  by  sharp  pains  tlirongh  the  abdomen,  and  it  is 
stated  tiiat  in  some  tlie  pain  was  relieved  by  pressure.  The  most 
alarming  jiheuomenou  observed  by  the  physicians  in  attendance  was 
feebleness  of  the  heart's  action.  The  hi'jid  and  feet  grew  cold,  tLen 
tlie  entire  lioily  liecaiiic  cool  and  cliiuiniy,  and  in  many  the  radial  pulse 
wiis  not  perce]itible.  This  cnndition  together  with  a  heavy  stupor  in 
some  gave  occasion  for  alarm  to  tlie  attending  jihysicians,  and  bypo- 
derniic  iujectimis  nf  lnjindy,  digitalis,  strychnine,  and  nitrcjglycL-rin 
were  employed,  each  [iliysirian  selecting  the  stimulant  in  which  he 
had  most  contid<>uce  or  taking  that  wliich  liai)])eaed  to  bo  at  hand. 
In  some  the  pn]iils  were  Siiid  to  be  dilated,  but  tlie  evidence  ou  this 
pniiit  is  voiitint'd  to  {]ii>  testinmny  of  one  pliysiciau.  In  one  iustanca 
tin?  jiatii'iit  liecanie  wildly  delirious,  crying  out  and  attemjiting  to 
rise  frniii  betl.  Those  wlio  vomited  but  little  and  had  no  diarrhcea 
fell  into  a  lie;tvy  stupor,  and  it  is  highly  probable  that  these  were  in 
gn-iitcr  jeop.-ird.v  tlian  any  of  the  others.  The  early  and  thorongh 
viiniitiiig  doubtless  was  (lu^  most  jiotent  factor  in  saving  those  who 
had  taken  the  linger  ]i;iit  of  the  infected  food.  As  has  l>een  stated, 
the  depressing  action  of  the  poison  on  the  heart  im[)re,saed  the  phy- 
sicians in  ;dtc'ndaiice  so  niarkedl\'  that  all  mentioned  it,  and  one  who 
had  seen  other  cases  of  cheese  ])oisoning  thought  that  the  active 
agent  ill  this  ease  must  dilVer  from  that  which  had  caused  the  illness 
previously  observed  by  him. 

The  toxioogeuic  germ  found  in  the  ice-cream  and  cheese  growB 
readily  on  the  ordinary  culture  media.  It  begins  to  coagulate  milk 
within  fi-om  twelve  to  foni-teeu  hours  and  later  a  heavy  coagulnm 
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forms  and  subsides  and  the  fluid  portion  consists  of  whey.  Milk 
ciiltares  soon  develop  a  pleasant  odor  of  butyric  ether,  and  this  per- 
sists so  long  as  the  culture  remains  uncontaminated.  The  develop- 
ment of  acid  is  accompanied  by  the  liberation  of  gas.  This  continues 
until  all  the  milk-sugar  is  consumed  and  for  this  a  period  of  about 
one  month  in  litre  flasks  is  required.  Milk  rendered  feebly  red  with 
rosolic  acid  is  decolorized  after  two  or  three  days  in  the  incubator. 
This  bacillus  decomposes  glucose,  lactose,  sucrose,  maltose,  dextrin, 
starch,  and  glycogen.  It  grows  well  on  turnip,  beet,  sweet  potato, 
onion,  parsnip,  carrot,  banana,  and  apple.  Attention  is  called  to 
the  fact  of  the  ready  growth  of  this  bacillus  on  fruits  and  vegetables 
on  account  of  the  well-known  observation  that  milk  kept  near  decom- 
posing fruits  and  vegetables  frequently  causes  unpleasant  symptoms 
in  those  drinking  of  it. 

This  germ  is  pathogenic  to  guinea-pigs,  rabbits,  cats,  dogs,  mice, 
and  rats.  Its  virulence  is  increased  by  being  carried  through 
animals.  In  one  series  we  employed  fifty-one  guinea-pigs,  inoculat- 
ing each  with  a  culture  made  from  the  preceding  animal.  In  all  of 
this  series  the  inoculations  were  made  intraabdominally.  Of  the 
culture  with  which  we  began,  1  c.c.  of  a  beef-tea  growth  twenty -four 
hours  old  was  necessary  in  order  to  kill  a  guinea-pig  of  from  200  or 
300  gm.  weight  within  twenty -four  hours;  wliile  of  the  cultures  made 
from  the  animals  near  the  end  of  the  series,  i-V  c.c.  of  like  growth 
produced  the  same  result.  The  decrease  in  the  vinileuce  of  the  germ 
when  grown  on  the  ordinary  culture  media  is  rapid,  and  the  intensi- 
fied vinilence  attained  in  the  series  referred  to  above  disappeared  in 
the  third  or  fourth  generation  when  grown  in  gebitiu  or  agar.  Milk 
seems  to  be  the  most  suitable  culture  medium.  We  do  not  know  that 
the  germ  multiplies  more  rapidly  in  milk  than  it  does  in  beef  tea, 
but  cultures  in  the  former  are  more  virulent  than  those  in  tlie  latter. 
The  suspension  of  the  germ  in  sterilized  milk  when  the  inoculation  is 
made  renders  its  action  more  certain.  Oue-fiftietli  of  a  cubic  centi- 
metre of  a  beef-tea  growth  of  our  intensified  germ  added  to  1  c.c.  cf 
milk  and  immediately  injected  into  the  abdominal  cavity  of  a  half- 
grown  guinea-pig  invariably  caused  death  within  twouty-four  hours; 
while  an  ecjual  amount  of  the  same  culture  added  to  beef  tea  and  in- 
jected into  companion  animals  caused  death  only  after  a  much  longer 
period,  and  in  some  cases  failed  wholly  to  do  so. 

The  germ  taken  from  the  exudate  in  the  abdominal  cavity  and 
used  directly  for  the  inoculation  of  another  animal  is  more  virulent 
than  if  it  be  carried  through  a  culture  medium  l)cfore  the  inoculation 
is  made.  The  number  of  germs  in  1  c.c.  of  such  a  i)eritoneal  extidate 
was  determined  in  one  instance  and  found  to  be  34,800,000.     One 
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oue-hundredth  of  a  cubic  centimetre  of  this  flnid  injected  into  the 
abdominal  ca\'ity  of  a  goinea-pig  weighing  350  gm.  caosed  death 
withiu  tweuty  hours,  while  one-half  of  this  quantity  failed  to  cause 
any  visible  eflfects.  It  will  therefore  be  seen  that  the  number  of 
germs  in  the  most  virulent  culture  necessary  to  kill  a  half-grown 
guinea-pig  when  injected  intraabdominally  is  somewhere  between 
348,(XX)  and  half  that  number.  When  given  subcutaneously  larger 
amounts  are  necessary  to  cause  death. 

Two  litre  flasks,  each  containing  one  litre  of  sterilized  milk,  were 
inoculated  with  the  germ  taken  directly  from  the  peritoneal  cavity  of 
a  guinea-pig.  These  flasks  were  kept  in  the  incubator  for  thirty 
days.  The  contents  were  then  filtered  through  paper.  As  soon  as 
the  i)()res  of  tlie  paper  were  coated  with  the  proteid  part  of  the  cul- 
ture, tlie  liltrate  l)ecame  not  only  {perfectly  clear,  but  sterile.  Thus 
the  slow  nitration  tlirough  porcelain  practised  in  our  first  experiments 
beoanio  unnecessary.  From  5  to  10  c.c.  of  this  filtrate  injected  into 
tlio  aluloniinal  cavity  of  full-grown  white  rats  or  half-grown  guinea- 
pigs  caused  death  within  less  than  one  hour.  These  filtered  cultures 
wore  then  distilled  in  vacuo  at  a  temperature  not  above  40°  C  until 
tliere  reniaine<l  in  tlie  retort  not  more  than  100  c.c.  The  distillate 
was  acid  and  liad  tlie  pleasant  odor  of  the  original  culture;  10  c.c. 
failed  t  >  induce  any  symptoms  in  rats.  Five  cubic  centimetres  of 
the  cciiceiitrated  fluid  in  tlie  retort  killed  rats  within  five  to  ten 
iniiinte~i.  Tliis  com-eutrated  fluid,  which  was  strongly  acid,  was 
sliakeii  twiee  with  double  its  volume  of  ether.  On  spontaneous  evap- 
oration tlie  ither  It^ft  a  very  small  residue,  which  sometimes  contained 
a  t'lw  iniiM'ifect  crystals.  This  residue  injected  into  a  full-grown 
rat  kill.d  it  witliin  four  iiiiiiiites.  The  above  exiieriment  was  re- 
inated  iiiaH\  tinit^s.  and  although  the  (juantity  of  poison  left  on  the 
evai>oiation  w.is  found  to  l>e  \ariable,  it  was  never  altogether  want- 
iui:.  In  some  instances  the  residue  from  the  ether  consisted  of  a 
t'l  w  cho]is  of  a  lnownisli.  t>ily  semi-fluid.  In  othei-s  the  residue  was 
I'lrfeitiv  ,liv.  auil  wliiMi  exaiiiined  uiuhr  the  microscope  showed 
>onii>  u'rauular  matter  mixed  witli  a  few  imperfect  i>risms.  The 
ii'moval  of  tlh'  poison  from  the  concentrated  fluid  is  imperfect 
and  inioiiiplfti'.  as  was  shown  by  driving  otf  tlie  traces  of  ether  from 
tlir  thii'l  I'v  kecjiing  it  for  da.\  s  in  vacuo  at  40  ,  and  then  injecting 
some  of  it  into  animals,  wlien  deatli  resulted  (jtiite  as  j)romptly  as 
liifoi,>  tiie  (Ktraetion  with  etiier  was  made.  A\lien  this  method 
\\.is  iiujiloN  ed  witli  I'si'liinsky  cultures,  the  amount  of  the  poison 
left  on  tlie  evajioratioii  of  the  ether  was  nuicli  less  than  that  ob- 
t.-iiuid  from  an  equal  volume  of  milk  culture.  The  animal  dies,  but 
not   until  several  lioui-s  after   the    injection.      We    have    not    been 
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able  to  obtain  enough  of  the  xioiaon  to  enable  us  to  identify  it 
chemically. 

Many  other  methods  of  isolation  have  been  attempted  but  without 
success.  The  distillation  was  in  several  instances  continued  in  vacuo 
until  only  a  syrupy  residue  remained.  The  residue  was  extracted 
with  absolute  alcohol,  which  dissolves  the  poison,  the  alcoholic 
extract  was  evaporated,  and  this  residue  was  again  treated  \vith  ab- 
solute alcohol.  This  was  repeated  as  many  as  a  dozen  times  and  the 
alcoholic  solution  was  finally  precipitated  with  platinum  chloride. 
This  precipitate  was  crystallized,  but  was  found  to  consist  of  a 
sodium  salt. 

In  another  experiment  the  residue  obtained  after  repeated  extrac- 
tions with  alcohol  was  distilled  in  vacuo  at  a  high  temperature.  At 
130°  C.  a  clear  fluid  passed  over,  but  this  consisted  of  glycerin  con- 
taining only  traces  of  the  poison  as  was  demonstrated  by  its  action 
on  animals,  wbile  the  residue  in  the  retort  was  found  to  be  inert. 

From  the  concentrated  filtered  culture  when  made  alkaline  with 
either  ammonia  or  a  fixed  alkali,  the  poison  is  not  removed  by  ether. 
This  distinguishes  the  i)oison  chemically  from  tyrotoxicon.  Phjsio- 
logically  this  poison  is  distinguished  from  tyrotoxicon  by  tlie  more 
pronounced  effect  of  the  former  on  the  heart,  in  which  it  resembles 
muscarin  or  neurin  more  closely  than  it  does  tyrotoxicon.  Patho- 
logically the  two  are  unlike  inasmuch  as  the  product  of  this  V)acillus 
induces  marked  congestion  of  the  tissues  about  the  point  of  injection 
or  in  the  peritoneum  when  thrown  into  the  abdominal  cavity.  More- 
over, the  intestinal  constriction  which  was  so  universally  observed 
in  animals  poisoned  with  tyrotoxicon  has  not  been  once  soon  in  our 
work  with  this  new  germ  and  its  poison,  althou^;li  it  had  been  care- 
fully looked  for  in  the  more  than  two  hundred  animals  experimented 
with. 

The  poison  is  not  removed  from  either  acid  or  alkaline  solntions 
with  chloroform. 

The  following  experiment  was  made  in  order  to  determine 
whether  or  not  our  bacillus  elaborates  a  proteid  poison  or  a  toxin 
which  is  precipitated  with  the  proteids.  For  this  purpose  an 
Uschinsky  culture  was  selected,  inasmudi  as  such  a  culture  contains 
no  proteids  save  those  elaborated  by  the  germ.  A  litre  of  an 
Uschinsky  culture  forty  days  old  was  filtered  through  ])orcelaiu  in 
order  to  remove  the  germs.  The  clear,  stron^'ly  acid  filtrate  was 
allowed  to  fall,  drop  by  drop,  into  twice  its  volume  of  absolute 
alcohol.  A  flocculent  white  precipitate  fell  and  formed  a  tliiu  layer 
on  the  bottom  of  the  cylinder.  This  precipitate  was  cf)llected  on  a 
filter  and  washed  for  two  davs  with  absolute  alcohol.     It  was  then 
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(lri<'(l  l>(>twtHMi  folds  of  filter  paper  and  rubbed  to  a  powder  in  an 
iiKiito  niortiir.  Twouty  milligrams  of  this  powder  suspended  in 
\VHt(>r  WHS  iiijoftixl  into  the  abdominal  ca^'ity  of  a  guinea-pig.  The 
iiiiiiniil  sliowod  \n)  oflfect  of  the  poison  at  the  time,  but  it  died  two 
(liivs  la((>r.  rost-mortom  examination  showed  the  same  condition  as 
liiul  Ix'iMi  (il)S(>rvt'il  after  death  from  inoculation  with  the  bacillus 
iiml  iiftiu-  di'iitli  from  the  poison  extracted  with  ether.  The  perito- 
iicnin  was  lii^jlily  ooiijjosted,  the  abdominal  cavity  contained  a  red- 
dish t'xiidato,  and  tlio  heart  was  in  diastole  and  filled  with  blood, 
li  nia.v  be  that  ouou^'h  of  the  same  poison  which  is  extracted  with 
i>tliiM-  had  Ihh'h  tarried  down  mechanically  with  a  non-ftoisonoos 
proteid.  and  liad  not  In^eu  removeti  by  the  rejieated  washings  with 
aleoliol.  If  (his  is  the  case  or  if  there  are  two  chemically  distinct 
poisons,  we  are  not  able  to  determine  at  present.  The  Uschinsky 
thiid  whieli  had  been  treatetl  with  two  volumes  of  absolute  aloobol 
and  fioni  wliicli  tlie  aleoholic  precipitate  had  been  removed  as  just 
stated,  was  eoneentiated  in  vaouo  and  the  concentrated  fluid  was 
sliaki-n  with  two  \olunies  of  ether,  and  the  residue  left  on  the  evapo- 
ratiiui  of  the  etlier  injtvttnl  into  a  guinea-pig  caused  death  within  four 
li.nirs,  rost-n\oi  leni  exaniiuatiou  showetl  the  ct>ndition  already  de- 
seiiK>d  a>  due  t.>  thi^  .izeriu  i.nd  tlie  germ-free  cultures. 

As  l.as  Ivon  stated,  the  action  of  the  iK>isonous  agent  in  this 
ehee^e   v.seniM.s   tl.at   of  musoarin  and   ueurin.      The   theoretical 
:i  >'i  ti'.e  presenee  of  ueurin  among  Ivacterial  prodncis  has 
,  oKew  1.,  re.     1  Kdieve  that  »  hen  the  j^oison  of  this  haoillns 
it  w ;'.".  K'  tv  u'.ul  to  Iv  oK>selv  akin  to  ueurin  chemicallv  as 
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forms  of  the  bacillus  coli  communis.  Cultures  of  tkis  germ  obtained 
from  the  cheese  and  given  to  calves  in  milk  cultures  caused  diarrhoea 
and  iu  some  cases  death. 

In  the  great  majority  of  instances  of  cheese  poisoning,  nature's 
eflForta  to  eliminate  the  poison  are  sufficient.  As  in  other  forms  of 
bromatotoxismua  the  greatest  danger  exists  when  vomiting  i-s  Blight 
and  transient  and  purging  is  absent.  In  the  muscarin-liko  easea  the 
action  of  the  heart  must  be  closely  watched,  and  it  is  probable  that 
atropine  is  the  best  physiological  antidote. 

Vanilla  is  frequently  employed  iu  flavoring  cuHtards,  ice-cream, 
and  other  milk  products,  and  the  poisonous  effects  following  the  eat- 
ing of  these  ftxids  have  often  l>eeu  attributed  to  this  flavoring.  I 
have  investigated  several  instances  of  this  kind,  and  in  one  of  these 
Novy  and  I  positively  demon8trate<l  the  harmlessness  of  the  flavoring 
by  swallowing  the  three  dnR'hras  f)f  tlie  vanilla  extract  left  in  tlje 
bottle  from  which  the  custjird  had  been  flavored.  I  do  not  believe 
that  either  the  natural  or  the  artificial  vanilla  is  suflieiently  toxic  to 
harm  one  in  the  quantities  iu  which  it  is  used  in  flavoring  custiirds, 
etc.  It  is  stated,  however,  by  the  Mexican  dealers  that  a  ]><»isf>uous 
bean  is  sometimes  mistjikeu  for  vanilla.  I  am  not  prepared  to  con- 
firm or  deny  this  statement.  Morrow  iiiiikes  tlw  following  state- 
ments: "In  prejjaring  vanilla  for  the  market,  tiie  vauilla  pods  are 
classified  according  to  their  size  and  (juality,  the  ([uality  dopcudiug 
upou  the  more  or  less  abundance  of  a  substance  •which  exudes  from 
the  pod  and  crystallizes  upon  the  surface  in  the  shajie  of  white  frost- 
like needles.  In  order  to  prevent  the  dissemination  of  these  crysfcils, 
the  pods  are  frequently  covered  with  a  protective  coating  of  the  oil  of 
the  cashew  nut.  Cardol,  or  the  oil  of  the  cashew,  is  a  most  jtowerful 
irritant,  simple  contact  with  the  skin  causing  vesicular,  erysipelatous, 
and  otlier  cutaneous  eruptions.  Artificial  'vauilliu,' as  it  is  t<'i  incd, 
is  made  from  coniferiu,  found  in  the  sap  of  the  i)iue.  In  tlic  maim- 
facture  of  this  extract,  bichromate  of  ]iotash,  an  exceedingly  irritat- 
ing substance,  is  largely  employed.  It  is  hardly  jirobable  tliat  the 
process  of  purification  is  so  perfect  as  to  remove  all  traces  of  this 
agent." 

Tfiat  there  may  be  enough  liichrotnate  of  ])otassiuin  in  vanilla  ex- 
tract to  render  each  teaspoouful  of  tlio  custiird  or  ice-creaui  sulli- 
ciently  poisonous  to  induce  persistent  vomiting,  purging,  and  marked 
prostration  seems  to  mo  to  be  highly  improbable  to  say  tiio  leiwt. 
Moreover,  as  has  been  stated,  the  fact  that  the  flavoring  did  nfit  in 
the  case  studied  by  mo  constitute  or  contain  the  poison  was  di-mon- 
strated  by  taking  as  much  of  the  vauilla  as  was  used  in  flavoring 
gallons  of  the  custard  without  effect,  while  a  toaspuonfui  of  thu  cus- 
VoL.  xni.— 5 
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tarcl  caiised  nausea  and  voinitiug.  MUk  products  flavored  with  other 
extracts  and  those  wholly  without  flavoring  have  frequently  proved 
to  be  poisonous.  Vauilla  extract  haa  acquired  the  reputation  of 
beiny  poisonous  because  it  is  so  frequently  used  in  milk  products 
and  these  often  become  harmfid  from  bacterial  infection.  There  is 
no  positive  evidence  in  medical  literatiire  known  to  the  writer  that 
any  such  form  of  poisoning  as  vauillismus  ever  occura. 

Vegetable  Food  Poisoning  (Sitotoxismus) . 

Xludfr  the  Iieiuliug  of  sitotoxismus  I  shall  include  all  forms  of 
poisoning  with  vegt^tablo  foods  iufected  with  moulds  aud  bacteria. 
All  sitotoxicons  are  not  bacterial  products.  However,  for  complete- 
ness it  will  be  uecessar\'  to  go  a  little  beyond  the  proi)er  scope  of 
this  i>a])er.  It  is  needless  to  state  that  I  shall  not  include  under  this 
heading  cases  of  ])oisoniug  due  to  admixture  with  mineral  poisons. 
I  shall  also  attfiuiit  to  exclude  as  far  as  possible  a  discussion  of  plants 
that  are  in  aud  of  themselves  poisonous. 

Ekootismds. 

Ergotismiis,  or,  as  it  is  sometimes  called,  ergotism,  is  due  to 
]>oisoniug  with  a  fuugii.s  known  as  claviceps  purpurea,  which  develops 
in  the  flowers  of  rye,  other  grains,  and  certain  wild  grasses.  Ergot 
is  most  fre(ineiit]y  fmuul  in  rye  and  darnel.  Early  in  the  develop- 
ment of  tlie  ne  flower  there  may  apjiear  in  its  interior  a  sweet,  un- 
pleasant-Hiiu'lliug  liquid.  This  lifjuid  sometimes  forms  so  abuntlantly 
that  it  ovcrliows,  I'uus  down  the  stalk,  aud  falls  upon  the  groimd. 
Tlie  sugar  whiuli  it  contains  attrai'ts  ants  and  otlier  iu-sects,  aud  these 
aid  in  the  distrihutiou  of  the  fungus.  This  sweet  liquid  is  ordinarily 
known  as  Uie  liouoy-dew  of  rye.  In  the  rye  flower  there  now  develops 
a  fungus  wliii-h  is  known  as  ergot.  There  are  certixiu  conditions 
which  are  known  to  favor  tlie  development  of  this  parasite.  It  is 
itioro  common  wlicii  lliero  is  a  rainy  sjiriug  ft)lIowed  by  a  hot  dry 
summi'V.  Tliorough  cultivation  nf  tlie  soil  kills  out  this  parasite, 
and  for  tliis  reason  ergot  is  more  abundant  in  coimtries  where  the 
soil  is  not  well  cultivated.  Within  recent  years  epidemics  of  ergotism 
Ji.'Lve  been  observed  only  in  Russia  aud  in  Sjiain.  As  an  epidemic 
disea-se  ergotism  is  imkuowu  in  the  United  States.  Bird,  however, 
rep<n'ts  an  e])ideniic  of  ergotisia  in  cattle  in  Kansas  in  1895.  The 
disease  was  due  to  ergot  in  wild  rye  feil  to  the  cattle.  (See  Twelfth 
aud  Tliirtceuth  Auuual  Reports  of  the  Bureau  of  Auimal  Industry.) 
Sjioradic  I'asos  of  ergotism  due  to  the  medicinal  use  of  this  drug,  or 
to  its  too  long-continued  employment,  are  occasionally  seen.     Ergot 
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has  been  much  employed  by  ignorant  and  criinmal  medical  pretenders 
as  an  abortifacient.  The  continued  use  of  ergot  is  necessary  in  order 
to  develop  its  most  disastrous  effects.  However,  acute  ergotism,  as 
will  be  seen  later,  may  be  due  to  a  few  large  doses.  Grains  of  ergot, 
after  ha\'ing  been  exposed  to  the  air  for  a  few  months,  lose  in  large 
part  their  toxicity.  For  this  reason  epidemics  of  ergotism  follow 
closely  ujKjn  the  harvests,  and  esijecially  ujiou  poor  harvests,  ivheu 
the  parasite  is  most  abundant,  and  the  i)6oi)le  are  eomiielled  to 
feed  upon  what  they  have  without  close  inquiry  as  to  its  (juiility. 
However,  it  may  be  pointed  out  here  that  iu  tlio  present  state  nf 
civilization  there  is  but  little  excuse  for  the  existence  of  epidemics  of 
ergotism.  Iii  the  first  place  thorough  cultivation  of  tbu  suil  would 
soon  completely  eradicate  this  moidd.  A  proper  selectiou  of  seod 
would  also  do  much  in  the  same  direction.  Kiilin  as  early  as  1858 
I>ointed  out  the  lienefit  that  would  be  secured  by  an  early  harvrst  of 
fields  contaminated  with  ergot,  as  by  this  means  tlie  spread  aud 
aubsequent  development  of  this  parasite  would  Ije  prevented.  More- 
over, the  ergot  grain  is  much  larger  than  tliat  of  r>e,  and  this  ilitTer- 
ence  of  size  permits  of  the  easy  separation  of  the  t\^■o  by  means  of 
sieves  siieeially  constructed  for  tliis  purpose.  The  commercial  value 
of  ergot  is  so  much  greater  than  tfiat  of  rye  that  the  time  given  to  the 
separation  of  the  two  would  be  profibibly  spout,  and  yet  so  dense  is 
the  ignorance  and  so  pronouuced  is  the  indolence  of  certain  peasant 
classes  in  Russia  and  Spain  that  ejiidomics  of  ergotism  continue  and 
probably  will  continue  for  many  years. 

It  iviU  bo  imjiossible  to  give  any  extended  account  of  the  chemical 
researches  which  have  been  carried  on  with  a  view  of  determining  tlie 
active  principle  or  principles  of  ergot.  Scarcely  any  other  drug  has 
been  studied  by  so  many  chemists  with  such  diverse  and  contradic- 
tory results.  The  separation  of  the  active  priiuiplo  has  boeu  fre- 
quently announced,  but  a  preparation  that  has  been  heralded  by  one 
investigator  as  the  possessor  of  all  the  virtues  of  the  crude  drug  has 
been  pronounced  hy  another  as  devoid  of  all  action.  Robert  iuid  bis 
studeut  Griinfehl  have  fouud  three  jioisous  in  ergot.  These  ku1>- 
stances  ai'e  ergotinic  acid,  sphaceliuic  acid,  aud  coruutin.  The  first 
of  these,  ergotinic  acid,  is  poisonous  when  injected  sulicutaueouMly  or 
intravenously,  but  seems  to  l>e  devoid  of  poisonous  properties  wlicu 
taken  by  the  mouth.  Therefore  it  can  jjlay  no  part  iu  tlio  causation 
of  ergotism.  Jacobi  states  that  ho  has  obtained  froia  ergot  a  clieiui- 
cally  pure  substance  hanug  the  formula  C,iH,,0„  aud  ho  believes 
this  to  be  the  active  princi]ile  of  the  so-called  sphacelinic  acid.  In 
all  cases  of  ergotism  lK>tli  the  siihaceliuie  ucid  and  the  eoniuiiii  are 
contained  in  the  ergot.     Therefore  a  clinical  i^icturo  of  the  disease 
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must  be  a  composite  resulting  from  the  combined  action  of  the  two, 
and  it  must  vary  with  the  preponderance  of  one  or  the  other  in  the 

ergot  takeu. 

It  is  believed  that  sphacelinic  acid  is  the  constitaent  of  ergot  that 
causes  gangrene  and  develops  the  cachexia  of  the  disease.  Pnie 
sphacelinic  acid  without  any  admixture  with  comutin  would  canae 
ergotismus  gangnenosus.  Griinfeld  fed  animals  with  sphacelinic 
acid  aud  induced  gangrene  in  all.  In  cocks,  gangrene  soon  appeared 
in  the  comb,  then  in  the  wattles,  tongue,  wings,  and  crop.  The  ears  of 
hogs  to  which  this  acid  was  fed  fell  oflf  bit  by  bit.  Horses  and  cows 
lust  their  tails,  ears,  and  hoofs.  In  dogs  and  cats  the  gangrene 
usually  began  iu  the  skin.  When  locally  applied  in  concentrated 
solution  sphacelinic  acid  causes  gangrene  of  the  tissues  with  which 
it  comes  in  contact.  This  easily  explains  the  necrosis  of  the  epithe- 
lial tissues,  the  ulcerations,  and  the  hemorrhages  in  the  intestines. 
If  sphacelinic  acid  be  applied  in  more  dilute  solution,  local  gangrene 
does  not  occur,  but  changes  which  diflfer  from  gangrene  only  in 
degree  are  observed.  In  this  way  we  may  account  for  the  degenera- 
tion of  the  walls  of  the  blood-vessels  and  the  extravasations  which 
follow  upon  these  changes. 

Coruutiu  does  not  cause  death  of  tissue,  but  acts  directly  upon 
the  nervous  system,  and  is  believed  to  be  the  active  agent  in  the 
causation  of  ergotismus  con\Tdsivus.  It  acts  on  the  brain  and  cord 
affecting  the  vagus  and  vasomotor  centres,  and  acting  through  the 
lumbar  cord  on  the  uterus.  Cornutin  readily  undergoes  decomposi- 
tion and  gradually  loses  its  virulence.  It  is  found  only  in  fresh 
ergot,  disap[)eariug  more  quickly  than  the  sphacelinic  acid.  For  this 
reason  it  happens  that  those  symptoms  due  to  comutin  are  more 
proniiueiit  in  outbreaks  occurring  soon  after  the  harvests;  while 
those  duo  to  sphacelinic  acid  are  seen  in  both  early  and  late  epi- 
(loiiiics. 

Thert;  are  some  reasons  for  believing  that  there  are  bacterial  prod- 
ucts formcnl  in  ergotized  bread.  To  these  has  been  attributed 
the  septic  character  of  certain  epidemics  of  ergotism.  However,  this 
is  more  suiipositiou,  and  there  has  been  no  scientific  experimentation 
made  ill  its  support.  It  is  easy  to  see  how  sepsis  occurs  in  ergotism 
without  tilt!  necessity  of  supposing  the  presence  of  bacterial  products 
in  ergotized  bread.  In  gangrene  of  the  intestines  bacterial  infection 
thfougli  the  diseased  intestinal  walls  may  easily  occur.  In  gangrene 
of  the  skin  infection  from  without  may  take  place  with  equal  readi- 
ness. 

As  has  l)(>eii  stated,  acute  ergotism  is  the  form  most  frequently, 
iu  fact  quite  oxclusivel^j  observed  iu  this  country.    In  its  mildest 
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forms  it  is  characterized  bj*  gastrointestinal  and  vaaomotor  Hymjv 
toms,  loss  of  appetite,  nausea,  Hali%'ation,  TomitiuK,  diarrhfua,  colic 
I>ain3,  formication,  muscular  weakness,  and  feebleness  of  the  heart'n 
action,  are  the  most  prominent  symptoms.  When  very  larj;6  quan- 
tities of  ergot  are  taken,  dizziness,  headache,  mydriasis,  loss  of  con- 
sciousness, or  delirium,  coma,  and  faibire  of  the  lieart's  action  Iiave 
been  observed.  If  the  sufferer  be  pregnant,  abortion  usually  occurs. 
Following  abortion  there  is  often  free  and  dangerous  hemorrliage. 
Acute  ergotism  terminates  in  death  or  recovery  within  a  few  days. 
It  is  generally  due  to  the  excessive  administration  of  some  medicimd 
preparation. 

Chronic  ergotism  is  best  studied  under  the  two  forms,  ergotismus 
convulsi\"Ufl  sive  spasmodicus  and  ergotismus  gangrieuoaus. 

Symptoms  similar  to  those  of  the  milder  form  of  acute  ergotism 
usually  constitute  the  first  manifestations  of  the  cou\idHiv(»  form. 
After  these  have  continued  for  some  weeks  more  marketU^'  nen'ous 
symptoms  appear.  Specks  float  l)efore  the  eyes,  ringing  noises  are 
heard  constantly  in  the  ears,  there  is  dizziness,  nud  the  guit  licconies 
unste-ady.  Irritation  of  the  skin  and  formication  mnkc  lifn  a  burden. 
The  special  senses  become  l>enumbed,  the  sight  loses  in  keenness, 
there  is  a  tendency  to  somnolence,  mental  perceptions  liecomo  less 
acute,  an  epileptic  condition  sets  in,  and  hebetude  results.  Convul- 
sive seizures  occur  and  sometimes  continue  for  hours.  In  these 
spasms  the  flexors  overcome  the  extensors.  The  liand  is  Imnt  ujion 
the  wrist,  and  the  fingers  are  partially  ch)sed.  These  cuuti'actions 
become  after  a  while  more  or  less  permanent.  Diflfereut  groujis  o{ 
muscles  become  involved  in  different  subjects.  Hydro]iholiiii  may 
be  closely  simulated  on  account  of  spasm  of  the  (I'sophagus  and  of  the 
diaphragm.  Opisthotonos,  emprosthotonos,  and  trismus  have  l)een 
ob«er\-etl.  A  few  weeks  after  the  appearance  of  the  initial  syni]>to)iis, 
the  tendon  reflex  is  lost  and  the  symptnms  resemble  th ok b  of  tahes 
dorsalia.  Pain  in  the  legs  may  be  constant,  and  a  girdle  sensation  is 
frequently  complained  of,  and  RomI>erg's  symptom,  which  cimsists 
of  increased  incoordination  of  movement  on  putting  the  firt  together 
and  closing  the  eyes,  liecomes  prominent.  The  more  characteristic 
symptoms  of  locomotor  abixia  may  be  devpl<>j)ed.  Psychical  dis- 
turbances are  often  very  marked.  Melancholia  is  frequent,  aud  a 
condition  resembling  that  of  paralytic  dementia  is  very  often  found 
in  great  epitlemics  of  ergotism.  In  the  first  stages  of  this  form  of 
ergotism  the  pulse  becomes  small,  the  extremities  grow  cold  aud  the 
skin  pale,  the  temperature  falls  below  the  normal,  aud  chilly  sensa- 
tions and  cold  sweats  are  frequent.  The  hair  falls  out,  the  nails 
cease  to  grow,  and  the  epidermis  upon  various  parts  of  the  body  may 
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be  raised  in  blisters.  Nutrition  is  necessarily  interfered  witli,  and  a 
luiiriismio  condition  sapervenes. 

The  iTiitinl  8yiiiptora«  of  ergotismus  gangrsenosns  consist  of  pain 
in  tlie  back,  funuioiitiou,  muHCular  contractures,  chilly  sensations, 
Leaviness  in  the  limbs,  and  general  weariness.  The  toes  or  fingers, 
or  liotli,  tiikn  on  au  crysijielatous  redness,  and  gangrene  seta  in. 
This  guugrt'UB  is  usually  dry,  and  there  is  neither  hemorrhage  nor 
sujipuration  unless  bacterial  infection  results.  The  phalanges  of  the 
toes  or  fiugcrs,  t]ie  feet  or  tlie  liands,  the  legs  or  the  arras,  may 
necroso  and  fall  oft'.  Tlie  external  genital  organs  are  sometimes 
iuvi lived  ill  these  necrotic  changes,  and  gangrenous  patches  may 
apjicar  nu  the  skin  over  any  part  of  the  body  or  in  the  intestinal 
mucous  iiii'inbrauo. 

■ftTieu  it  exists  in  epidemic  form  there  is  but  little  difficulty  in 
the  ilidijimsiH  of  crgotisiti,  but  in  s^ioradic  cases  there  may  bo  great 
})('riiloxHy.  The  rfcogiiitiou  of  the  acute  form  must  depend  largely 
1111(111  tliii  liistory,  iuul  upon  the  exclusion  of  other  diseases.  If  the 
uffvus  1x1  affected  a  vabiable  aid  tn  diagnosis  is  thereby  affordecL 
Acute  orgiitisia  may  be  jiiistakeii  for  iioisoning  with  phosphorus, 
arsenic,  or  antimony.  Certain  se[)ticifmia8  may  also  resemble 
ergntisiii.  When  due  to  the  eating  of  ergotized  bread,  an  examiua- 
tiuii  of  the  vdiuited  matters  fnr  ergot  may  be  of  great  service.  How- 
ever, when  the  drug  has  been  administered  in  the  form  of  some  medi- 
cinal ]irf]);u-atinii  this  aid  to  diagnosis  is  unnecessary. 

The  eoiiviilsivo  form  of  ergotism  mnat  lie  distinguished  from 
e[iilepsy,  hydro  phobia,  tabes,  and  tetany.  Usually  the  history  of  the 
ciise  will  be  sufKeient  to  enable  tlio  ]ihysician  to  differentiate  ergotism 
from  the  abdve-nieiitioiied  diseases.  The  subnormal  temperature 
which  giMierally  prevails  in  ergotism  will  ordinarily  distinguish  it 
frotii  auy  of  tiie  infectious  diseases. 

The  gangrenous  form  is  generally  easily  recognized.  However, 
when  uleeraticiii  nf  tliL^  liitestiue  occurs  and  is  followed  by  hemor- 
ihage,  the  fruiible  may  be  mistaken  fur  typhoid  fever,  but  generally 
in  eigiitism  gangrene  begins  iu  the  extreniitios. 

Pioijitiifii.s  in  this  disoiuso  will  depend  very  largely  upon  the  stage 
reached.  In  ai'ute  ergotism  the  [irognosis  must  be  determined  by  the 
extent  t'>  which  the  lieait  is  affecteil.  We  must  also  take  into  con- 
sideration the  fiiriii  in  which  the  poison  lias  been  administered  and 
the  aniiioiit  taki'ii.  lit  tlie  convulsive  form  recovery  may  occur  even 
atti'r  till'  seizures  have  become  pronomired.  In  the  gangrenous  form 
the  e.vteiit  of  involvement  is  easily  recognized  and  will  form  the  chief 
basis  for  a  juM^diction  of  the  ultimate  result. 

Post-mortem   examinations  iu  fatal  cases  show  no  constant   or 
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characteristic  lesions  in  the  thoracic  or  abdominal  viscera.  The 
extensor  muscles  of  the  limbs  are  nsually  atrophic.  Microscopical 
examination  shows  a  toxic  polyneuritis  which  is  classed  by  Leyden 
among  those  forms  of  neuritis  produced  by  lead,  mercury,  arsenic, 
antimony,  phosphorus,  carbon  disulphide,  carbon  monoxide,  and 
alcohol.  In  five  cases  carefuUy  examined  Tuczek  found  hyperplasia 
and  fibrillar  metamorphosis  of  the  neuroglia  at  the  expeuse  ot  the 
nerve  elements  in  the  posterior  columns  of  the  gray  matter. 

The  proper  (reafmeiil  of  acute  ergotism  consists  of  washing  out 
the  stomach  and  large  intestines,  and  the  atlmiuistration  of  calomel 
or  castor  oil  for  the  purpose  of  cleansing  the  small  intestines.  Such 
astringents  as  tannic  acid  and  bismuth  subnitrate  may  be  indicated. 
Finally,  opium  may  be  necessary  in  order  to  allay  the  intestinal  irri- 
tation. It  has  been  found  that  in  tlireatened  abortion  from  ergot 
cold-water  vaginal  douches  are  of  great  value.  However,  if  aliortion 
has  already  occurred,  the  uterus  shoukl  be  thoroughly  cleansed  with 
all  the  attention  to  detail  given  to  abortion  from  other  causes.  In 
threatened  failure  of  the  heart,  alcohol,  coffee,  camphor,  acetic  ether, 
one  or  more,  according  to  the  indications,  may  be  lieneflcial. 

In  the  chronic  forms  of  the  disease  tlie  first  thing  to  be  done  is 
to  see  that  the  patient  is  no  longer  supplied  with  ergotis^ed  bread. 
Indeed,  it  is  the  experience  ot  those  who  have  had  to  deal  largely 
with  this  disease,  that  restriction  to  animal  food  for  some  da^-s  is  of 
benefit.  Even  in  tlio  chronic  form  the  stomach  and  liowels  may  he 
washed  out  with  advautiige.  To  stjirt  with,  calomel  is  the  Ijewt  intes- 
tinal antiseptic,  but  later  salol  may  be  found  to  be  more  suitable. 
The  chronic  diarrhoja  so  frequently  oliserved  in  this  dineaso  is  best 
treated  by  intestinal  irrigation  and  the  use  of  astriugeutH.  Opiates 
may  be  necessary.  Nitrite  of  amyl  and  nitroglycerin  have  been 
found  to  be  of  value  in  the  convulsive  form.  Chloroform  narcosis  has 
been  tried  but  without  result  in  ]milonged  simsms.  The  epilei)tic 
seizures  are  more  amenable  to  chloral  hydi'ate  than  to  bromides. 
Massage  and  electricity  have  proved  of  some  value  in  treating  the 
paralysis  of  the  extremities. 

In  the  treatment  of  the  gangrene  of  ergotism  special  attention 
most  be  given  to  tlie  prevention  of  sepsis.  Local  lukewarm  nnti- 
Beptic  baths  and  mild  mustard  sinapisms  are  of  value.  Strychnine  is 
Iirobably  the  best  heart  tonic  in  these  cases.  Proper  nourishment 
and  suitable  sanitary  surroundings  are  of  great  value.  Amputation 
of  the  gangrenous  part  is  often  necessary,  but  this  shoukl  be  delayed 
until  the  line  of  demarcation  is  well  defined. 
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Latfyrismus. 

Latliyrisinus  or  liitLyrism  is  a  fm-m  of  spastic  spinal  paralysis 
due  to  intoxication  from  the  eatiut;  of  the  seeila  of  certain  8j>ecie3  of 
the  genua  lath\ru8  of  the  vetch  trilie.  There  are  more  thau  one  huD- 
ilretl  and  twenty  known  apecies  of  lathyrua.  Of  these,  thirteen  are 
native  to  the  United  States,  and  others  are  cultivated  here  on  aoeonnt 
of  their  showy  flowers.  The  common  sweetpea  of  the  garden  is  an 
exani]>le  of  the  latter.  In  Northern  Africa  and  Soutliem  Europe 
iatliyrism  has  l»een  frecpiently  observed.  It  ia  alao  known  to  occur 
in  India  and  other  i>arta  of  Asia.  The  S{>ecies  that  have  been  best 
studied  are  hithynis  sntiva,  German  vetch,  lathyms  cicerea,  red  vetch, 
and  lathyrua  clymemim,  Spanish  vetch.  In  Italy  and  Algiers  the 
grain  tielda  are  sometimes  so  filled  with  vetch  that  the  use  of  bread 
made  from  the  iijixture  of  tlie  yrain  and  the  seeds  of  this  plant  causes 
poisonous  effects.  In  some  places  vetch  is  cultivated  aa  a  food  for 
the  lower  animals,  and  in  times  of  great  scarcity  the  seed  mixed  with 
wheat,  rye,  or  other  grain  is  used  as  a  food  by  man. 

The  literature  of  lathyrisiii  has  been  coIlect«l  by  Schucbardt, '  and 
I  will  refer  those  who  desire  a  more  complete  history  of  the  disease 
to  his  article.  It  seems  that  formerly  lathy  rism  was  much  more  ex- 
tensive tlian  it  is  at  present.  As  early  aa  lf>71  it  was  known  that 
liread  made  of  vetch  seeds  mixed  with  grain  seriously  affected  those 
will  1  at<>  of  it  for  any  length  of  time.  In  the  aVwve-meotioned  year  the 
tiniud  Duko  nf  Wiirtciubcrg  issued  an  edict  forlndding  the  use  of 
food  of  this  kind.  A  similar  command  was  repeated  by  his  successor 
in  170.1,  and  again  iii  1714.  It  was  then  noticed  that  those  who  ate 
I  if  this  liread  suffered  from  a  njarked  stiffness  of  the  extremities. 
Tlie  disea.se  was  regarded  as  incurable,  although  death  seldom  or 
neviT  residtcd  from  it.  In  IdlU  an  ejiideuiic  of  lathyrism  was 
rcpdrted  in  the  (rraud  Ducliy  of  Modeua.  In  1784  Tozzetti  rei)orted 
an  cpidciiiu'  in  Tuscany  due  to  the  fact  that  the  people  on  account  of 
tlie  si'.-ircity  of  foinl  were  coniitelled  to  nourish  themselves  on  chick 
[ie;i.s.  It  was  ob.sirTVi'd  th.'d  the  disease  in  this  ejjidemic  began  with 
great  weakness  in  the  lower  extremities,  and  some  lost  the  power  of 
locomotion  either  in  part  or  ;dtogr'ther.  All  tho.se  in  whom  this 
jLiralxsia  w.-is  oliserved  had  e;iten  for  three  months  or  longer  a  bread 
miule  of  two  i>arts  of  chick  \v?i\  and  one  j>art  of  rye  or  wheat.  The 
peas  used  in  this  e]videniic  had  l^en  imj^nrted  from  Tunis.  Tozzetti 
planted  some  of  these  seeds  and  after  their  growth  identified  them 
JUS  lathyrus  sativa. 

Desparanohes  studied  an  epidemic  of  lathyrism  in  Prance  in  1829. 
The  sickness  in  this  ca.se  wa.s  due  to  the  eating  of  bread  made  from 
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exjual  parts  of  chick  jjeaa  and  ^aiu.  Desparanches  believed  that  the 
seat  of  lesiou  characteristic  of  the  disease  was  in  the  lunilmr  cord. 
He  olwervpd  couvulsive  movements  of  the  muscles  of  both  tlie  tlii^'hs 
and  legs.  This  symptom  was  followed  by  complete  inaliility  to  walk. 
About  the  same  time  an  epidemic  was  reported  in  India,  where  on 
account  of  two  successive  harvest  failures  the  people  were  comj)elled 
to  resort  to  vetch  as  a  ftiod.  Some  of  the  cases  of  paralysis  occurriuK 
in  the  Indian  epidemic  were  under  the  observation  of  English  phy- 
sicians for  several  years,  and  it  was  stated  that  recovery  was  unknown. 
Since  thf  above-meutioued  date  many  local  epidemics  have  lieen 
reported  by  Eaglisb  physicians  in  India.  In  one  of  these  reports 
Irving  has  shown  that  the  claim  that  lathy rism  anil  beriberi  are 
identical  cannot  ha  sustained.  He  states  that  beritjeri  is  a  disease 
from  which  the  afflicted  may  recover,  either  from  the  employment  of 
medicinal  agents  or  from  change  of  climate,  while  from  lathyrism 
there  is  no  recovery  after  the  development  of  paralytic  symptoms. 
Furthermore,  he  states  that  in  beriberi  the  arms  and  the  muscles 
of  the  chest  are  involved,  while  in  lathyrism  the  aym]>toms  are  cou- 
tined  to  the  lower  extremities.  In  the  latter  there  is  neither  contrac- 
tion of  the  fingers  nor  a  sensation  of  numbness  in  the  afifeeted 
muscles.  Lathyrism  does  not  cause  death,  while  beriberi  does,  and 
in  the  former  the  patient  may  remain  in  fair  health  fur  many  years 
with  the  exception  of  his  inabilitj'  to  walk. 

Numerous  attempt.*)  have  been  made  to  iaohite  tlie  ]>oiHonou8 
principles  of  lathyrus.  The  results  that  have  Iteeu  obtained  so  far 
are  unsatisfactory  and  to  some  extent  contradictory.  TeiUenx  o\y- 
tiiined  a  resinous  body  which  when  administered  to  rabbits  in  gram 
doses  caused  tetanic  movements  of  the  muscles,  and  tiually  jiaralysis 
of  the  posterior  extremities.  Death  occurred  in  these  animals  in 
alxjut  four  days.  From  lathyms  ciceroa,  Bourlier  obtained  an 
extract  which  killed  frogs  and  small  liirds  within  forty -eight  hours  at 
most.  An  inJ6c;tion  of  two  drops  of  this  extract  diluted  with  five 
drops  of  water  into  a  sparling  was  followed  by  the  following  symp- 
toms: Almost  immediately  a  marked  diarrho-a  ajjpearcd;  this  was 
accompanied  by  i>ersistent  vomiting.  The  feathers  became  ruffled 
and  the  liird  sat  in  a  crouching  position.  Tlio  heart  lieat  rajiitlly 
and  the  respirations  were  hastened  and  dittieidt.  The  muscles  of 
the  legs  soon  Ijecame  paralyzed,  those  on  the  left  side  being  more 
markedly  affected.  Birds  treated  in  this  maimer  lived  from  ten  to 
twenty-four  hours.  This  extract  induced  in  turtles  at  first  a  period 
of  excitement  marked  by  unusual  muscular  movements  and  acc<im- 
panied  by  profuse  diarrha-a.  Subsequently  there  seemed  to  be  com- 
plete inability  of  movement,  and  this  was  followed  by  death.     An 
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alkaloidal  body  was  obtained  by  Marie  from  the  seeds  of  latbyms 
sativa.  However,  tliis  substance  when  administered  subcutaneonsljr 
to  guinea-pi^js  failed  to  induce  any  of  the  characteristic  symptoms  of 
lathyrism.  Astier  eitrai'teil  the  aeec^  with  dihite  alcohol,  keeping 
the  tem]ierature  during  the  process  of  extraction  below  50"  C  Two 
decigrams  of  this  extract  was  injected  subcutaneously  into  a  dog 
weighing  8.5  kgm.  Ten  minutes  later  there  was  noticed  a  trembling 
of  the  posterior  extremities  which  ceased  after  one-half  hour. 
Twfoty-fnur  hourm  later  a  second  injection  containing  6  dgm.  waa 
udniinistert'd  to  the  same  animal.  The  trembling  was  now  more 
pronounced  and  was  followed  by  partial  paraplegia.  Twenty-four 
licmrs  later,  a  third  inji'ctinn  consisting  of  8  dgm.  was  administered. 
Tliis  was  followed  by  couvulsivo  movements,  and  after  half  an  hour 
by  complete  paraplegia.  From  this  condition  the  animal  slowly 
but  com pletcly  recovered.  Tliis  exi>erimeut  was  repeated  on  three 
ofluT  dogs  witli  like  results.  Astier  satisfied  himself  that  the  seeds 
finni  which  this  extract  was  made  were  free  from  any  contamina- 
tion, and  that  they  did  not  contain  any  mould.  The  same  in- 
vestigjitnr  ulit;iiiied  fnmi  tln^  seeils  of  lathy rus  cicerea  a  volatile  al- 
kaloidal  bfidy  to  wliich  ho  gave  the  name  lathyrin.  He  states  that 
tliis  substance  is  of  !i  diiiighy  consistence,  strongly  alkaline,  insoluble 
in  water,  slightly  soluble  in  ether,  but  freely  soluble  in  chloroform, 
and  easily  volatile.  It  wjis  found  to  be  readily  soluble  in  dilute  hy- 
drochioric  acitl.  Its  hydrocliloric-acid  solution  responded  to  the 
general  alkaloida!  reactions.  On  the  evaporation  of  this  solution  the 
residue  was  found  to  consist  of  needles,  and  these  on  being  heated 
on  piatimnn  foil  burned  witliout  residue,  l^nfortunately  there  is 
no  record  of  pliysirdo^^ical  experiuientation  with  this  substance,  and 
(•ouse(iueutl.\  there  is  no  evidence  that  it  constitutes  the  active  agent 
of  the  seed.  Snine  observers  stoutly  maintain  that  the  seeds  of 
lalliynis  are  harmful  only  when  decoiu]iosed,  or  when  they  contain 
some  jiavasitic  growth  similar  (o  ergot.  Others  believe  that  the 
imisniious  s\  iiiplonis  ai'e  due  to  the  mixture  of  the.se  seeds  with  those 
i>(  other  pl.-iuts  such  as  agrostomma  githago  (corn-cockle),  and  loliom 
teniuleutiim  (danieri. 

There  are  gnnd  reasons  for  believing  that  whatever  the  poiaonous 
substnncH  mity  b(>,  it  is  destroyed  at  a  hiijh  temperature.  The  Arabs 
of  Northern  Africa  eat  vetch  prepared  iu  two  ways.  One  of  these 
dishes  is  known  as  "  konsknusou,"  and  in  its  preparation  the  seeds 
are  steamed  or  boiled;  while  the  other  ilish,  known  as  "galette,"  is 
cooked  at  a  higher  temperature,  and  it  is  said  to  be  a  well-authenti- 
cated fact  that  injurious  effects  more  frequently  follow  the  use  of  the 
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The  fact  that  vetch  seeds  are  poisons  to  many  of  the  lower  animals 
has  been  abundantly  demonstrated  by  direct  experimentation.  Ga- 
bory  fed  eighteen  ducka  with  vetch  seeds  ground  with  com.  All 
the  birtls  died  on  the  first  day,  with  symptoms  of  intoxication — 
somnolence  and  jiaralysis.  Similar  experiments  with  like  results 
were  made  on  geese  and  pigs.  Pigeons  were  found  to  be  less  sus- 
ceptible, and  indeed  were  supposed  by  this  investigator  to  be  wholly 
immune  to  the  poison.  The  statement  has  been  made  that  animals 
are  never  affected  by  eating  the  green  plant.  This  is  denied  liy 
some,  and  Ferrarisi  states  that  ho  saw  eighteen  hugs  paralyzed  in 
their  posterior  extremities  after  feeding  upon  green  vetch.  In  1807, 
on  account  of  the  high  price  of  oata  in  France,  the  proprietor  of  a 
line  of  omnibuses  sought  for  some  cheaper  fnod  for  his  horses. 
Vetch  aee-d  was  recommended  on  account  of  its  high  nutritive  value 
as  determined  by  chemical  analysis.  An  experiment  was  made  on 
forty-five  horses,  while  the  others  belonging  to  the  same  line  and 
numbering  one  himdred  and  fifty  were  kept  on  their  accusttimed  food. 
At  first  two  litres  of  the  vetch  seed  were  mixed  with  thirteen  litres 
of  oats.  This  mixture  not  being  relished  by  the  horses,  the  projior- 
tion  of  the  seed  was  reduced  to  one  to  thirteen.  The  feeding  of  this 
mixture  was  continued  for  some  months.  The  first  symptoms  ()f 
Iioisouing  made  their  appearance  about  the  expiratifm  of  the  second 
month.  The  most  marked  symptoms  were  dyspna*  aud  asphyxia. 
Tracheotomy  was  performed  on  some  of  the  animals.  Verrier  states 
tliat  there  was  paralysis  of  the  recurrent  laryngeal  nerve.  Tlie 
muscles  of  the  larj-nx  were  found  to  be  greatly  atrojdiied.  Micro- 
scopical examination  showed  these  muscles  tf>  l>e  without  striatiou, 
and  to  l>o  undergoing  fattj'  degeneration.  More  chronic  jioisouing 
caused  i>araly8is  of  the  jKisterior  extremities  aud  death. 

Cautaui  lielieves  that  the  characteristic  lesion  of  hithyrisni  is  to 
lie  found  in  the  muscular  fibres,  and  that  tlio  intramuscular  nerve 
branches  are  not  affected.  He  cut  a  small  bit  of  muscle  from  the 
leg  of  a  well-<leveloped  case  and  found  ou  microscojiical  examination 
that  the  transverse  striations  were  indistinct  aud  that  the  muscle  wjia 
infiltrated  with  minute  fat  drops.  However,  the  weight  of  evidence 
renders  it  fairly  certain  that  the  neiTes  as  well  as  tlie  muscle  are 
affected. 

In  man  the  firat  si/iiip(om  of  lathyrism  usually  manifested  is  a 
chill,  which  is  followed  by  pain  in  the  loius  and  legs.  A  girdle  seu- 
sation  is  complained  of  by  some.  Motor  lameness  of  the  lower 
extremities  is  common.  The  patient  walks  with  difficidty,  and  later 
he  finds  locomotion  wholly  impossible.  Tlio  knee  refiex  is  greatly 
intensified.     Farteethesia  with  formication  may  be  marked.    It  is 
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claimed  by  some  that  gangrene  in  the  feet  and  legs  may  occur.  How- 
ever, it  is  possible  tliat  these  may  have  been  cases  of  ergotism.  lu- 
contineni'e  (A  urine  and  imi)oteuce  are  ("ommon  and  early  symptoms. 
The  i)ld  belief  tli.at  refm'ery  never  occurs  is  not  supported  by  more 
recent  observations.  Many  of  the  milder  cases  are  greatly  improved 
by  iiroiHT  medicinal  treatment. 

Tlie  imnihylactic  treatment  of  lathyrism  is  the  most  important. 
When  the  disease  is  develojied  it  is  to  be  treated  as  spastic  spinal 
pariilyHis  of  myelitis  due  to  other  causes.  The  application  of  irri- 
tants  such  as  a  mixture  of  iiui'ture  of  iodine  and  croton  oil,  and  the 
uHo  of  the  at'tuiil  cautery  to  the  lumbar  spine  have  been  found  to  be 
of  value.  Wiinu  liaths,  gnlvauization,  and  faradization  have  been 
recoiuuieuded.  Uriiiiiide  of  ]>(>tnssiuiii  in  ^rani  (fifteen-grain)  doses 
repeated  from  tliree  to  six  times  ]>er  day  has  Ijeen  found  to  be  of 
most  value.  Strychnine  and  (luinine  are  not  only  without  value,  but 
are  apparently  harmful. 

MaTdismus. 

Maidisnms,  ordinarily  known  as  pellagra,  may  he,  defined  as  a 
progressive  disease  leading  to  ]iaralytic  and  other  nervous  disorders, 
and  caused  liy  intoxication  fmni  the  eating  of  damaged  Indian  corn. 
The  first  historical  account  of  tins  disease  comes  from  Spain,  where 
it  appeared  iu  t!ie  neigliborhond  of  Oviedo  in  the  year  1735.  Its 
geognipliicid  distrilnitioii  is  coufiiied  to  that  jiui-tion  of  Europe  lying 
Uetwecii  tiie  jinralleis  nf  -I'l  and  4H  \.,  with  the  exception  of  Corfu, 
one  (if  the  Iiniian  islands.  Witliin  the  above-mentioned  region  pel- 
lagni  is  liy  no  means  universally  or  evenly  distriliuted.  However,  it 
])revails  in  some  loc-alitics  to  such  au  extent  that  it  has  l>ecome  a 
iialiiiiial  calamity.  In  1n7',1  one  hundred  thousand  cases  of  this  dis- 
ease were  re|Hirti'd  in  Itul>-,  and  iu  ISHl  fifty -six  thousand  in  Lom- 
bai'dy  lone.  Pellagra  is  coutincd  to  countries  where  the  staple  article 
of  diet  is  maize,  ami  yet  Indian  cni-ii  constitutes  a  most  nutritions  and 
liejdthful  articli'  of  food  in  other  countries.  This  statement  has  l>eeD 
aliiuidaiitly  deiiinnsdati'd  by  the  forniin"  well-nourished  condition  of 
tlie  large  colni-ed  pnpnlation  cif  tlii^  Southern  United  States,  for  there 

prolialily  uev^r  has  1 ii  a  class  of  day  labcu'ers,  certainly  never  a 

class  of  servants,  better  fed  ami  nourished  than  were  the  negroes  of 
the  South  bel'iii-ii  tlieir  enia)ici]>ation;  and  corn  bread  made  from 
mature  corn  and  jimpcrly  prepared  is  both  healthful  and  nutritious. 
Pellagra  is  known  only  in  those  cnuuti'ies  where  on  account  of  an 
uncongenial  climate,  or  from  baiTenness  of  the  soil,  or  from  lack  of 
yiroper  cnltiv,ition,  mai/e  does  not  mature.  One  author  states: 
"Although  Limibardy  is  the  garden  of  Italy,  its  peasants  are  over- 
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workeil,  underpaid,  and  underfed;  instead  of  a  diet  suited  to  their 
severe  labor,  their  sustenance  consista  largely  of  the  more  worthless 
kinds  of  Indian  com  of  their  own  growing,  the  prtxluce  of  jKiorly 
cultivated  ground,  sown  late,  han'e^ted  before  maturity,  and  stored 
carele-ssly  in  its  wet  state;  even  if  they  grow  a  eeiiaiu  proportion  of 
good  maize,  the  millers,  to  whom  they  are  often  in  debt,  are  more 
likely  to  grind  the  worst  samples  for  the  jieaaaut's  own  use.  The 
flour  is  either  made  into  a  kind  of  porridge — the  'poleuti'  of  Italy, 
the  'cruchede'  of  Gascouy,  or  the  'mamaliga*  of  Rouniauia — or  it  is 
made  iuto  loaves,  without  yeast,  baked  hastily  on  the  surface  only  or 
ou  one  side,  and  raw  and  wet  within,  large  enough  to  last  a  week,  and 
apt  to  turn  soiu'  and  mouldy  before  the  week  is  out." 

There  can  no  longer  be  any  doubt  that  i»ellagra  is  au  intoxication 
due  to  poisou  formed  in  cornmeal  or  bread.  However,  we  have  no 
positive  information  concerning  eitiier  the  ferment  which  causes 
these  harmful  changes  or  the  poisonous  substance  or  substances 
that  are  formed.  Some  thiuk  that  the  disease  is  au  intestinal 
mycosis,  due  to  infection  with  a  i>ani8itic  mould  which  is  introduced 
into  the  body  with  the  food.  Carboni  has  ff>uud  in  the  damaged 
meal  used  by  pellagrous  pei-aous,  als(»  iu  their  ficces,  a  Imcterium  to 
which  he  has  given  the  name  bacilluH  maidis,  and  to  which  ho 
ascribes  the  disease.  Majocchi  chiims  to  liave  found  this  germ  iu 
the  blowl  of  fiellagrous  individuals.  AL-cnrdiug  to  Paltauf  and 
Heider  the  grains  of  corn  l>ecome  infected  duriug  tlie  wet  season  with 
the  bacillus  maidis  and  the  bacillus  meaeutericus  fuscus,  and  these 
bacilli  decompose  the  moist  meal  producing  maize  ptoinaius  whicli 
are  the  active  poisonous  agents.  Others  claim  tliat  the  so-called 
bacillus  maidis  is  nothing  more  than  the  widely  distributed  i)otato 
bacillus,  that  it  is  incapable  of  generating  poisonous  products  under 
any  conditions,  and  that  it  is  by  no  means  constantly  found  in  the 
intestines  of  pellagrous  individuals. 

Lombroso  claims  that  the  disease  is  au  intoxication  rather  than 
an  infection.  He  believes  that  certain  chemical  poisons  are  formed 
bj'  bacterial  activity,  and  that  these  poisons  induce  the  disease. 
This  investigator  has  olitainod  from  powdered  corn  which  has  lieen 
allowed  l4>  ferment  at  from  2;"i'  to  !W'  C.  for  twenty -four  to  (hirty-six 
hours  au  alcoholic  extract  and  an  oily  substance,  and  witli  these  he 
states  that  he  has  induced  the  characteristic  sym]>toms  of  pellagra  in 
man  and  in  animals.  The  alcoholic  extract  of  this  corn  contains  a 
basic  substance  or  substances  to  which  Lombro.so  has  applied  the 
name  pellagrocin.  His  theory  is  that  there  are  two  different  poisons, 
and  that  their  combined  action  gives  rise  to  the  complex  s.vmptoms 
of  pellagra,  similar  to  the  action  of  sphaceliuic  acid  and  comutin  in 


78  VAlKiHAN— ITOMAIKB,    TOXTNB,    AND  LEDCOMAtNt. 

ergotism.  Onei  of  these  poisons  be  thinks  has  a  strjcb nine- like  effect, 
whilo  the  other  is  narcotic  in  its  action. 

Nousaor  believes  that  there  is  uothiuy  directly  harmful  in  the  food 
when  it  is  taken  iuto  the  UimIv,  but  that  poisons  are  formed  from  the 
constituents  of  the  fomls  iu  the  intestines.  He  makes  the  disease  a 
sppi'ific  form  nf  juitdintuxifation.  It  is  claimed  that  si>oradic  cases 
of  iK'Ua^ni  may  he  ilue  tu  the  use  of  whiskey  made  from  damaged 
corn.  If  this  l)e  true  the  poisonous  substance  must  be  volatile.  New 
cjiHi's  of  pellagra  ficcur  most  fre(|ueiitly  during  the  spring,  and  eape- 
eially  during  wvt  seasouH. 

This  disease  is  believed  to  consist  of  three  stages  more  or  less 
marked  and  distinct.  The  first  staye  begins  with  disturbances  of  the 
digestive  organs,  the  ttmgue  is  at  first  heavily  coated  but  later  it  loses 
its  epithelium,  there  is  loss  of  api>etite  as  a  rule,  although  in  excep- 
tional ciusi>s  the  desire  for  food  may  l>e  inordinate.  The  stomach 
8tH>mrt  swollen  and  often  iiitiuful.  Usually  there  is  diarrhoja,  but 
obstinate  i'onsti|iation  luiiy  occur.  Accompanying  these  digeetiTe 
disturb;uicc>s,  there  is  pain  iu  the  head,  neck,  and  back.  Dizziness, 
muscular  weakness,  and  unsteadiness  of  gait  are  fre<iuently  observed, 
^lental  activity  lK>comes  slow  and  some  complain  of  a  nombneas 
iu  the  brain.  In  the  m.'ijority  of  instances,  not  in  all,  there  is  a 
cliaraotoristic  rrytlienja  which  is  most  market!  on  the  unclothed 
|wirts  of  the  Ixvdy,  as  the  hands  and  face,  though  it  may  be  mnch 
more  widely  distributed.  It  is  to  this  affection  of  tlie  skin  that  the 
disea.se  owes  its  common  name  pellagra  (from  ptUc,  skin,  and  o^ra, 
ronglO . 

The  api>earance  of  certain  cerebrospimd  symptoms  charactennt 
the  s«^-ond  stagt-  of  the  disease.  Chilly  .seusjitions  are  eomiilaiiied 
nf.  Theiv  is  constant  ringing  iu  the  ears.  The  muscular  weaknea 
is  incivased:  tn>mors  and  convulsive  twitchings  become  freiiuent, 
cramps  and  light  spjisms  (vcur.  The  tendon  reflex  is  more  markedly 
esaggenitcil.  sensibility  is  I'ftenvliminishetl,  and  the  ]>atient  falls  into 
;»  state  of  nielauchi'ilia.  The  skin  Kx-omes  very  i>ale  or  there  is  capil- 
lary injet'tiou  >ner  c-rtain  area.<.  notably  of  the  face.  The  errtbeoft 
Uwnucs  intensified  each  spring,  and  the  skin  l^eeomes  dry.  shrivelled, 
inehistic,  ;ind  ilark  bn^wu.  In  si>me  instances,  esjtecially  in  cfaroaie 
cases,  the  skin  Kvomes  hard  and  scah  . 

Marktxl  emaciation  is  one  i.>f  the  characteristic  symptoms  at  tke 
thirvl  stiige.  The  sulvutaue»>us  fat  wholly  disappears,  looomotioa 
Kxvmes  imjx«ssible,  incontinence  of  urine  is  {tersistenL  and  SBean- 
trc>lhible  diarrlhva  makes  the  Ivvl-ridden  |\itient  an  object  cl  pity. 
Fortunate! >.  after  this  st.-iire  Ikvs  Iveu  rv.^chr<l  the  individual  loaea  sD 
ivsiistanoe  to  the  infectious  diseases  and  tulNiivtUosis  or  sej 
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frequently  closes  the  history.  A  considerable  number  of  pellagrous 
individuala  end  their  sufferings  by  suicide. 

The  fat't  that  this  disease  exists  practically  only  in  epidemic  form 
renders  its  tliagnosis  easy. 

The  most  characteristic  post-mortem  hidings  may  be  stilted  as 
follows :  The  body  is  greatly  emaciated,  the  intestiual  walls  are  very 
thin  on  account  of  the  wasting  away  of  the  muscular  coat,  ulcerutifju 
iu  the  intestines  is  frequently  found,  the  cells  of  the  liver  and  of  the 
spleen  and  the  muscles  of  the  heart  are  deeply  pigmented.  Atrophy 
seems  to  be  most  marked  in  those  organs  connet:ted  with  tho  vagus 
nerve,  the  lungs,  heart,  kidneys,  si»leen,  and  intestines.  Altliough 
marked  alterations  from  the  normal  are  frecjueutly  found  in  tlie  brain 
and  cord,  there  seems  to  be  no  constant  or  characteristic  lesion. 

Treatment.- — As  is  true  of  all  epidemics  of  foot!  jjoisoning  jiropln- 
lactic  measures  are  the  most  effective.  JVs  has  already  bei^n  statod, 
ludian  com,  proj)erly  cidtivated,  harve.sted,  and  cookwl,  is  not  imly 
a  safe  but  a  valuable  food,  and  the  existence  of  such  a  disease  as  [lel- 
lagra  is  not  only  a  national  calamity  Viut  a  national  disgrace.  If 
communities  be  so  poor  that  they  mast  live  cm  decomposed  food  the 
state  should  relieve  their  poverty ;  if  they  be  so  ignorant  that  they 
poison  themselves,  the  state  should  instruct  them.  Maize,  which  is 
better  suited  to  the  soil  and  climate,  should  be  selected  for  seed  or 
other  grains  should  be  introduced  in  order  that  the  food  shoidd  not 
1)6  so  largely  confined  to  corn.  Intelligent  men  should  Hujiorvi.se  the 
har\-esting,  the  storing,  the  grinding,  and  if  need  bo  tlu"  cooking. 
The  Sjianish  have  given  to  this  disease  its  most  apjiropriate  name, 
"mal  de  la  miseria." 

There  is  no  medicinal  specific  for  the  disease.  Many  of  the 
milder  cases  recover  when  the  i>atients  are  placed  under  jirnper  hy- 
gienic conditions  and  supplied  with  proper  food.  Iu  its  adviiuced 
stages  pellagra  is  practically  an  incurable  disease.  It  can  bo  treiited 
only  symptomatically.  For  the  intestiual  ilisturbances  calomel  and 
bismuth  subuitrate  are  favorite  prescrii)tious.  The  jicrsistout  diar- 
rhoea is  ordinarily  treated  with  opiates  and  astriugeiit.s.  For  the 
paralytic  symptoms  Lombroso  prescribes  ai-senic  in  the  form  of 
Fowler's  solution,  beginning  with  five  drops  and  gradually  iucreiis- 
ing  to  thirty  at  a  dose.  The  same  autliority  recoiunieiulfi  for  the 
vertigo  the  tincture  of  cocculus  orientalis.  This  is  given  in  dose.s  of 
from  three  to  five  drops.  All  kinds  of  tonics  such  us  iron,  <|uiuiiie, 
and  strychnine  in  their  various  forms  of  iidministiatioii  lutve  been 
used,  and  possibly  they  may  be  of  benefit  in  tlie  less  .•ulvanced 
Bta,ge8  of  the  disease. 
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THE  POISONS  or  THE  SPECIFIC  XNTECTIOUS 
DISEASES. 

We  will  now  give  a  brief  statement  of  tLe  more  important  products 
of  the  specific  patboyeuic  btvcteria.  However,  before  taJ£.ing  up  the 
iuclivi<luuJ  infectious  disease-s,  it  might  be  well  to  give  some  attention 
to  the  general  effects  ou  the  body  of  bacterial  poisons.  In  doing  this 
we  will  consider  in  the  first  place  the  action  of  bacterial  poisons  upon 
the  tem]»erature  of  the  body.  Do  all  bacteria  induce  fever"?  Are  all 
animals  alike  affected  in  this  resi>ect  by  the  different  bacteria?  h 
there  any  relation  Itetween  the  fever-prixluciug  i)ropertie8  of  a  given 
genu  in  a  given  animal  and  its  pathogenic  action  upon  that  animal? 
These  are  questions  which  Krelil  has  attemptetl  to  answer  experi- 
mentally. The  germs  employed  by  him  were  bacillus  pyocyaneua,  b. 
coli,  b.  authracirt,  b.  typhi  abdoiuiualis,  b.  diphtheria?,  b.  cbolerse, 
b.  juDteus,  b.  «ul)tiUs,  b.  prodigiosus,  and  b.  Metchnikovi.  The 
animals  experimented  ujioii  were  cats,  dogs,  rabbits,  guiDea^pigs, 
pigeons,  chickens,  and  a  hedgehog.  The  bacteria  were  grown  on 
agar  or  iiotato  for  two  or  three  days,  then  were  removed,  suspended 
in  sterilized  wat4'r,  and  Imiled.  lu  the  i)igpoiis,  chickens,  and  hedge- 
hog nu  I'levatiou  of  teni]>eraiure  could  be  induced  by  these  dead 
bacteria.  In  the  pigeons  the  temperature  was  generally  lowered. 
Rabltits  \ven>  fouud  tn  Ix?  sjipcially  susceptible,  dogs  were  less  easily 
aflVcted,  nnly  tivc  of  the  above-meutioned  germs  causing  an  elevation 
of  tempei'ature  in  these  animals.  Different  germs  acted  diflferently 
upon  guinea-pigs,  Init  as  a  I'ule  small  doses  elevated,  while  larger 
doses  depresssed  the  tt*uip<'ratui'e.  There  was  found  to  l)e  uo  con-stant 
relation  between  the  fever-inducing  juid  the  pathogenic  properties  of 
the  bacteria.  Boiled  diplitlieria  bacilli  had  practically  no  effect 
up(m  the  tem])eratun'  of  guiuea-pigs,  rabliits,  and  dogs,  while  the 
liacil!u.H  subtilis,  which  is  wholly  devoid  of  jiatbogeuic  properties, 
uiarkodly  elevated  the  temperature  of  <lMgs.  These  experiments  are 
n[ifti  to  tiie  objectiou  tLat  the  fevrr-iudaciug  snli«tauce-s  contained 
within  the  bact*'rial  colls  may  liave  lieeu  destroyed  by  the  heat  em- 
ployed ill  Hk'*  boiling.  Moienver,  too  much  must  not  be  ascribed  to 
the  action  of  the  bacteria,  since  other  Hubstaiu'cs  may  markedly  ele- 
vate the  temperature  wlu-u  gi\eu  subcutanenvisly.  Certain  enzymes, 
such  as  pepsin,  diastase,  rennet,  etc.,  lioilod  or  unboiled,  when  ad- 
ministered siiWutanpously  cause  an  elevation  of  temperature  in 
rabbits,  guiuea-pig.s,  and  dogs.  Sterilized  Iwef  tea  cansea  a  tlistinct 
elevation  of  teiiiperatiire  in  guiiiea-pit;s.  Five-i>er-cent.  sterilized 
solutions  of  sodium  nitrate,  chluiide,  iodide,  and  bromide,  when  given 
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hyptxlennieaDy,  cause  fever  iii  rabbita.  It  has  beeu  fouud  that  the 
temperature  of  tuberculous  animals  is  more  easily  affeeteil  liy  luic- 
terial  protlucts  in  general  than  that  of  healthy  animals.  Paralactic 
aciil  is  said  t<>  have,  bo  far  as  its  effect  ajwu  the  temperature  is  con- 
cemeil,  an  action  very  similar  to  that  of  tuberculin.  Not  only  does 
this  acid  elevate  the  temperature,  but  the  tuberculous  areas  are  ob- 
served to  become  Lypera'mic  and  in  some  hemorrhagic  8]>ots  may  be 
found.  Doses  of  from  0.3  to  1  ym.  of  deuteroalbumose  injected  under 
the  skin  of  healthy  guinea-pigs  cause  an  elevation  of  temperature 
without  more  serious  effects,  while  like  dnscs  administered  to  tuber- 
culous guinea-pigs  moj-  cause  death.  If  section  be  made  of  these 
animals,  inflammatory  areas  will  be  found  about  the  tuberculous 
lesions  identical  with  those  caused  by  tuberculin. 

Anthrax. 

It  must  be  admitted  that  for  a  disease  so  speedily  fatal  as  anthrax 
we  should  expect  to  find  its  specific  biicterium  elaborating  a  more 
jKJwerful  poison  than  any  that  lias  yet  been  (jbtaincd.  However, 
since  the  germ  grows  so  aluiiidautly  and  is  n.'j  widely  distributed  in 
the  body,  it  is  not  necessary  tliat  any  individual  bju'terial  cell  slmnld 
contain  a  large  amount  of  jioison.  In  other  words,  the  large  nuiiiliei- 
of  germs  may  make  up  for  the  lack  of  virulence  of  the  ciieniiijil 
poison.  Both  ptomaius  and  toxins  have  been  found  in  cultures  of 
the  antlirax  germ.  Tlie  first  successful  attempt  to  study  the  e]n'Hti(;il 
poisons  of  anthrax  was  made  by  Hoffa,  who  nlitaiiied  from  juire  cul- 
tures of  the  cells  small  (juantities  of  a  ptomai'n  which  when  injected 
under  the  skin  of  animals  produced  tlie  symptoms  of  the  disease  and 
death.  Hoffa  named  this  ]H)ison  anthrauiii.  Later,  he  li;is  olitaiiind 
the  same  poison  from  the  bodies  of  aniiiinlM  dead  with  nnthrax. 
These  results  cannot  be  cousidcre<l  as  altogelher  satisfactory.  It  is 
ptssible  that  the  basic  substance  olrtained  by  Hofbi  is  not  a  cniistant 
jirotluct  of  the  growth  of  the  antlirax  bacillus.  It  is  at  h^ast  certjiin 
that  many  other  investigators  have  failed  to  confirui  Hoffa's  work. 
In  1880  Haukin  prepared  from  cultures  of  the  auHirax  bacillus  an 
albumose  which  when  emjiloved  in  coinjiaratively  large  anioinit 
jiroved  fabd  to  animals,  but  when  used  in  small  ipiautity  gave  im- 
munity against  snbsetjuent  inocnlation  m  ith  the  living  genu.  This 
substance  was  not  obtained  in  a  clu'iiiii-ally  i)ure  condition,  and  we 
are  ignorant  of  the  amount  of  it  necessary  to  ciuise  death.  Brieger 
and  Fraenkel  obtained  a  so-<'iilled  toxalbuuiin  of  anthrax  from  animals 
in  which  the  disease  hud  been  iiidueed  by  iuoculation  with  the 
bacillus.  The  liver,  spleen,  lungs,  and  kidneys  of  these  animals 
Voi^  Xlll.-o 
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wore  fitioly  iHviilfil  iiiul  rulibcil  ui»  with  water.  After  this  miitm? 
IiimI  Htooil  ill  (I  ri^frigiTiitor  fur  twelve  lumif*,  it  was  passed  throngb  a 
porcolaiii  tilt«»riiu(l  tbo  jiroteiil  was  prei-ipitateJ  from  the  filtrate witli 
(ilwohit4>  hIcoIidI.  Miirtiu,  by  j^Towing  tlio  anthrax  bacillus  for  from 
t<Mi  U)  iiftt'cu  tlavrt  ill  nil  alkiiliun  iilbuniinate  from  bhxxi  seram,  and 
thou  by  tiltriitioii  thrmigb  porcelain,  has  obtiiined  the  following 
|iroiliifl,s: 

1.  Protalbmnnse  and  dt^uteroalbunnise  and  a  trace  of  peptoite. 
A.U  of  tlu>s«?  react  chomically  like  similar  substances  preftared  bj 
pi>plio  digestiou;  2.  Au  alkaloid;  3.  Small  ipiantities  of  lencin  and 
t.\  nisiii. 

Till'  iiiixtnl  albiumwes  are  i>oiaons  only  inconsiderable  doses, M 
itiiu-h  >is  0.'.\  i^iii.  U'lu^  rt'<|uired  t<>  kilt  a  mouse  weighing  2S  gm. 
wIkui  itijoi'ted  sulu'utniiouii.sly.  Sitialler  doses  cause  oedema  and  t 
soniuoliMit  I'oiiditioii  finiu  wliioli  the  animal  recovers.  The  alkaloid 
cjiiis»>s  siuiiliir  symptoms  to  tliosp  induceil  by  the  albumoseB.  It  ia, 
howovor,  iiioro  ]>uisoiiiiiis  iitul  lu-ts  more  rapidly  than  the  albmaoMa 
The  animal  is  atTivtinl  immediately  after  the  injection  and  falls  intoa 
oomatiwt*  oouditiou.  wliii'h  teniiiuates  in  death.  The  lidkaloid  pco- 
diuos  uilciiia  and  in  many  c;i.s<'s  thrombi  in  the  small  veins.  Exta- 
vasjition  into  the  {x^ritoueal  cavity  is  occasionally  seen,  and  the  8|)lea 
is  often  enl;ir>:od  and  tilled  with  bloxl.  The  fatal  dose  of  tbealkakid 
f»>r  a  mouse  is  from  0.1  to  0.1,"»  j;m.  With  these  amoonts,  tWHi 
T\\<idts  within  thrtv  houi~s.  This  alkaloid  obtained  bv  Martin  is  Bot 
identical  in  its  action  with  the  authnu-in  of  Hoffa. 

M.-irmitT  h.Hs  studied  the  chemic^d  substances  formed  bjr  Ac 
>:rv<wth  of  the  anthntK  Kwilhis  in  solutions  of  iie(4oDe.  Ft 
c»iltur»>s  he  h.is  obtaiueil  a  t«>xiu  which  is  soluble  in  water, 
in  chloroform,  other,  and  al>>obite  alcohol.  It  does  not  gi^«  >■?'*' 
the  T>\Hitioi>s  of  the  albuminoids.  albumos««.,  peptcuaess  or 
Ther*>  is  no  pr\>^f  tliat  this  toxin  was  obtained  in  the 
The  .HUthor"s  v><Uv'lusi«>us  are  as  follows: 

1.  A  sjv\'ifi\'  toxin  may  be  extrac-tevl  from  i;1i n  rin  prpfcii 
tun>s  of  the  a!ithra\  Ivkv-illus. 

-    Tliis  to\iu  d^^'^s  not  ^ive  the   reactioiK  of  alh— i«oM  i 
stsuiivs.     It  .Uv*  u^>l  cLari^  stan*L.  supir.  or  glycopeB. 

o.  .Kniuutls    cluckeus.  froc^.  dsL     that  are  imi— bp  to  Ac 
thmx  Iwi  iliiis  are  .-tl>^»  i&.U£t-ivnt  t.>  the  toxin.     .Siiilar 
»^**>rv«sl  in  rabbits  AniDcJaUj  immuiiizied  vith 

4.  This  i<via  is  atteta»t^i  bat  n>^  destr\-'yed  br 
C.  thus  di?rritj»:  fr  ^-^  ib-  vrE«.^m  of  s^rpeists-  the  toxiaacf  < 
att.1  tetacss.  »xkI  the  earrm^s. 

o.  Os  lb?  c^^ntTAT^.  lik*  the  •;<hrr  bactrxial  tasiaa  il 
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action  on  animals  after  being  brought  in  contact  with  tlie  alkaline 
h3-pochlnrite8.  Prolonged  insolation  in  the  presence  of  air  leads  to 
the  same  result. 

6.  By  employing  carefully  graduated  doses  of  this  toxin  it  is 
IK>98ible  to  immunize  animals  to  the  anthrax  bae'llus  in  tlio  same  way 
as  other  8f>ecific  toxins  give  immunity  to  the  corresiioudiug  dineases. 

7.  Anthrax  cultures  in  other  fluids  such  as  blood  serum  and 
bouillon  from  the  flesh  of  the  horse,  ox,  (jr  cjilf  do  not  contain  this 
toxin  in  appreciable  quantities. 

8.  On  the  contrary,  one  may  extract  a  toxin  from  antlinix  cul- 
tures on  nutritive  gelatin  by  macerating  the  microbes  in  dilute 
alcohol. 

9.  The  toxin  is  contained  within  the  bacterial  cells,  and  in  order 
to  obtain  it  in  a  culture  there  must  be  opportunity  for  it  to  diffuse 
from  the  ceUs. 

Whether  the  toxin  as  obtained  by  Marraier  was  chemically  pure 
or  not,  there  can  l)e  but  little  doubt  tlint  hf^  was  dealing  with  tlie 
specific  poison  of  anthrax.  The  symptoms  induced  by  this  toxin  are 
identical  with  those  observed  in  the  same  animals  after  infection  with 
the  anthrax  bacillus. 

AsuTio  Cholera. 

Without  any  experimental  evidence  it  might  Imve  been  ])re(licted 
that  the  cholera  bacillus  produces  solnble  chemical  puisouM.  lu  this 
disease  the  germ  is  not  distributed  through  the  bixly,  but  is  pruc- 
tically  confined  to  the  intestines.  Notwithstanding  this  fact  the 
central  nervous  system  is  markedly  aflfectwl,  siiowiiig  Hie  action  of 
some  substance  cii'cidating  in  the  blood.  Experimeiitatinu  lias  (■on- 
firmed  these  theoretical  considerations,  and  it  has  lioen  (U'liioustratod 
that  the  cholera  bacillus  is  one  of  the  most  active  chemically  of  the 
pathogenic  germs. 

As  early  as  184fi  Virchow  observed  that  a  red  coloration  appeared 
on  the  addition  of  nitric  acid  to  filtered  cholera  stools.  Again,  in 
1885,  Grieainger  noticed  this  coloration  on  the  addition  of  nitric  ai'id 
to  rice-water  stools.  Buj'wid  was  the  first  to  call  attetition  to  (his 
cludera  reaction  when  nitric  luud  is  added  t<i  i-ultuies  of  Krich's  t-oinnia 
bacillus.  Brieger  demonstrated  that  this  coloration  is  due  ti\  au 
indol  derivative,  and  he  obtained  iiidnl  by  the  distillation  of  i-iinlcra 
cultures  which  had  l>eeu  acidified  with  acetic  at-id.  This  formation 
of  red  color  on  the  addition  of  nitric  acid  to  cholera  cultures  is  now 
known  as  "the  cholera  reaction,"  and  for  some  time  it  was  believed 
to  be  characteristic  of  this  bacillus.  Howevei',  we  now  know  that 
there  are  many  germs  which  jiroduce  indol,  and  in  whose  cultures 
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this  reaftiuu  ciiu  be  obtaiiietl.     From  Petri's  study  of  the  indol  re«> 
tiou,  the  fcillowiii(^  conclusions  may  be  given : 

1.  Seven  jiiiro  cultures  of  tbe  cholera  germ  from  as  many  sonrcu 
gave  the  reiictiou  with  e<jU!il  clistinctuess. 

2.  Of  0U6  hundred  other  bacteria  teateil  in  the  same  way,  twentr 
gave  a  red  cnhjratioti.  In  nineteen  of  these  the  coloration  Ls  duetu 
the  uitroso-iudol  reaction  of  Bayer.  The  twentieth  bacillus,  which 
was  that  (if  anthrax,  gave  a  red  coloration  which  was  uot  due  to  inJuL 

3.  In  ca«e  of  the  cholera  germ  and  the  other  bacilli  the  actiou  is 
due  to  the  reducing  effect  of  the  bacteria  on  nitrates.  The  reaction  is 
most  marked  with  the  cholera  bacillus  at  blood  tennierature. 

4.  None  of  theso  bacteria  convert  ammonia  into  nitrate. 

u.  The  addition  of  sulphuric  acid  alone  is  sufKcieut  to  give  th*- 
test,  which,  liowever,  is  most  marked  when  the  solution  eoutains  0.01 
per  cent,  of  nitrite. 

(1.  Tlie  reaction  is  m<u-e  markeil  it  the  suljjhuric  acid  be  uddwl 
after  the  adilitiou  of  a  very  dilute  nitrite  soluticm. 

lirii'gcr  has  also  jtrejiared  a  "cholera  blue"  from  cuitureb  -jf  tlie 
cholr-ra  genu  in  meat  extract  cimtainiug  jieptoue  and  gelatin.  This 
substance,  wliicli  is  yellow  by  reflected  and  libie  by  transmitted  light, 
is  developed  on  the  adiiitioti  of  concentrated  sul]ihuric  acid  to  the 
culture.  Jf  the  cuKure  l«»  treated  witl>  snliiluiric  licid,  then  rendered 
alkaline  with  sodiiini  hydrate  and  extracted  with  ether  and  the  ether 
(■vapiirated,  '"  thi>  cholera  red"'  niay  be  dissolved  from  tbe  residue 
with  benzol,  leaving  the  "cholera  blue"  which  may  now  be  dissolved 
witli  ethe)-.  "Cholera  blut<''  gives  characteristic  absorption  l^nda 
which  a[i|ie;ir  lielween  E  and  ]*". 

The  clmlera  bacillus  jiroduces  in  meat-peptone  cultures  a  peptouia- 
ing  feniniit  which  remains  active  after  the  germ  has  been  destroyetl. 
This  fenmiit  resembles  jiaiici'eatiu,  inasmuch  as  it  is  more  »u'tive  in 
alkaliue  than  in  acid  solutions.  The  resemblance  to  pancreatin  is 
still  further  shown  by  the  fact  tlsat  tlie  activity  of  the  ferment  is  in- 
creased by  the  presence  of  soilium  carbonate  or  sodium  salicylate. 
The  nietlmd  nf  pre|)ariiig  this  fernjent  lias  already  Ijeeu  given  (see 
page  1 ).  It  is  jiossible  that  the  destructive  changes  observed  in  the 
intestines  in  cholera  are  in  jiart  dun  to  the  action  of  tiiis  ferment. 

There  is  also  a  diastatic  ferment  ])roduced  in  cholera  cultures.  All 
attenifits  to  isolate  this  ferment  liave  been  unsuccessfid.  Its  presence 
can  be  recogni/.i'd  only  by  its  action  on  starch.  It  reseml)le.s  jityalin 
Hot  lajly  by  its  action  u]Min  starc-Ii,  but  by  the  fact  that  it  is  destroyed 
by  a  temperatui'e  nf  (10    ('. 

Cautani  was  one  nf  tlie  tiist  tn  demonstrate  the  presence  of 
chemical   [loisous  in  cultures  of   th<(  CDinnia   bacillus.     He  injected 
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sterilizeil  cultures  of  tliis  germ  into  the  peritonetil  cavity  in  Hiuiill 
dogs  ami  fonnd  that  after  frrsra  tifteen  to  thirty  rainntes  the  following 
8ym]>tom8  apjiearpil:  Great  weakness,  tremor  of  the  muscles,  tlrooji- 
inp  of  the  head,  [irostratioii,  eonrulsive  eoutractions  of  the  posterior 
extremities,  repeated  vomitiuj,',  and  cold  head  and  extremities.  These 
symptoms  gradually  aliated  ami  after  twenty-fcnir  hours  recovery 
seemetl  to  he  comjilete.  The  cidtures  employed  by  Cantani  were 
three  days  ohl  wheu  .sterilized.  He  found  that  when  a  liij^li  tempera- 
ture was  used  in  sterilization  the  toxicity  of  the  cultures  witH  markedly 
decreased.  He  concluded  from  tliia  that  the  pois(juous  substance  is 
volatile,  biit  the  effect  of  great  or  prolonged  heat  in  dimiuishiuK  the 
toxicity  was  more  iirobably  due  to  its  destructive  effect  on  the  toxin. 
The  same  obser\-er  reports  that  the  blood  of  those  sick  with  cholera 
may  Imb  acid.  This  finding  has  been  cnntirnied  by  Strauss,  wlio 
examined  the  blood  of  cholera  patients  inimediatcly  after  death. 
Ahreud  has  found  lactic  ju'id  in  the  iirine  of  cholera  patients. 

Xicati  and  Rietsch  removed  the  bacilli  from  diolera  cultures  by 
tiltration  tlirough  ]>orcelain,  and  injected  the  filtrate  inlraveumisly 
into  auimals.  \Mieu  thus  used  those  cultures  acted  fahdly  oudi:g8. 
This  demcmstration  of  the  ]iois(>nous  prupcrtics  of  filtered  cholera 
cultures  has  been  confirmed  by  Ermangem  and  <ttliers.  Kh'Iis  ni.ade 
cultures  of  the  cholera  bacillus  on  preparations  of  finh.  Tlieso  cul- 
tures were  acidified,  filtered,  the  filtraie  eva[)orati'd  on  (he  water- 
bath,  ami  the  residue  taken  uj)  with  alcohol  and  prei'ij>itated  with 
jdatiuum  chloride.  The  jilatiuum  was  removed  from  this  jirecipitate 
by  hydriigen  suli>hide,  and  the  crystalline  residue  olitaim'd  on  evaji- 
oration  of  the  filtrate  was  dissolved  in  wati'r  and  injected  intrave- 
nously into  rabbits.  These  auinnds  manifested  marked  muscular  con- 
tractions, but  it  did  not  cause  death  except  when  in  iidditinn  to  this 
extract  unsterilized  cultures  were  injected.  In  the  aninnils  killed  by 
these  injections,  Klelis  found  an  extensive  calcification  of  the  ejiithe- 
lium  of  the  uriuiferous  luhuli's.  This  investigatrir  beli<-:'veH  that  the 
change  in  the  kidney  is  induced  liy  the  chemical  jioison,  and  from 
this  standpoint  he  explains  the  symptoms  of  cholera  as  follows:  The 
c\anosis  is  a  eonse([uence  of  arterial  ciuitraciinn  which  is  the  first 
effect  of  the  poison.  The  muscular  contractions  also  result  from  the 
actiou  of  the  chemical  poisou.  The  serous  exudate  iuto  the  intestine 
follows  upon  einthelia!  necrosis.  Suppression  of  urine  and  siibse- 
c[uent  symptoms  appear  when  the  formation  and  absori>tion  of  the 
poison  iHicomes  greatest. 

By  theStas-Otto  method,  Yilliers  olitaiued  frrmi  the  bodies  of  two 
persons  dead  from  cholera  a  ])oisonous  base  which  was  li<piid,  juin- 
gent  to  the  taste,  and  possessed  of  the  odor  of  liawthorne.     This  base 
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was  stroufjly  alkaline  iu  reactiua,  and  gave  precipitates  with  the 
t^oueriil  alkukiidal  reageuts.  When  injected  iuto  frogs  in  dosea  of 
irom  1  to  2  mgiij.  it  ilocreased  the  activity  of  tlie  Leart,  caused  violent 
ti-oml»liug,  and  death.  The  heart  was  found  to  be  iu  diastole  and 
tilled  with  blond,  aud  the  brain  slightly  congested.  It  shoiild  be 
Htated,  however,  tiiat  the  presence  of  this  substance  in  the  Iwdies  of 
persons  who  had  died  of  cholera  does  not  prove  that  it  is  a  product 
of  the  growth  of  the  cholera  bacillus.  Similar  substances  have  been 
found  in  the  bodies  of  j)erHous  dead  from  other  diseases,  and  thev 
are  to  be  regarded  as  fretjueut  ]>roduets  of  putrefactive  changes. 

An  oily  base  was  obtained  from  cholera  stools  by  Poucbet.  The 
stnolH  were  extracted  with  chloroform,  and  the  base  was  believed  to 
belong  to  the  pyridiu  series.  It  reduced  ferric,  gold,  and  platinum 
Halts,  aud  formed  an  easily  decomposable  hydrochloride.  It  was  a 
violent  poisoij,  causing  irritation  of  the  stomach  aud  retarding  the 
action  of  the  heart.  Subsecjueutly  the  same  investigator  obtained  an 
apparently  identical  substance  from  cultures  of  the  comma  liacillus. 

Ibieger  has  studied  cholera  cultures  by  his  well-known  method  of 
iyolatiug  |itoiuains.  He  employed  pure  cidtures  of  the  cholera  germ 
(m  beef  broth  wjiich  had  Iteen  rendered  alkaline  by  the  addition  of 
a  t]iree-pi>r-c(>nt.  soda  solution.  These  cultures  were  kept  iu  the  incu- 
bator at  from  117  to  38"  C.  and  tested  from  time  to  time.  After 
twenty-four  houi-s  cadaveriu  was  found  tolw  present.  Older  cultures 
vieldetl  small  ipiantitii's  of  jiiitrescin.  TJie  last-mentioned  Imse,  how- 
ever, was  found  to  be  nuicli  mfire  abundant  iu  blood-serum  cultui'ea 
than  in  those  of  lH>ef  broth.  Oadaverin  and  imtreaciu  were  formerly 
sn[iposed  to  be  inert,  but  it  is  now  known  that  they  cause  necrosis  of 
tissue  with  wliieh  they  come  iu  contact,  and  it  is  possible  that  the 
necrotic  changes  observed  in  the  intestines  after  death  from  cholera 
may  Ih^  due  to  tln'  aetion  of  these  bases.  The  lecithin  iu  the  above- 
nieutioued  broth  was  slowly  acted  upon  by  the  cholera  germ,  but 
with  increasing  age  tlie  anionnt  <jf  cholin  in  the  culture  iucreased, 
reaching  its  niiiximum  during  the  fourth  week.  Kreatin  resisted  for 
some  time  the  action  of  the  cholera  bacillus,  Imt  after  six  weeks  a 
cousidi'rable  ijuantity  of  kreatinin  aud  a  similar  amount  of  methyl 
guauidin  were  isolated.  The  last-mentioned  substance  is  highly 
pf)isouous,  causing  niusuular  tremoi-s  and  dysjmcea.  The  presence 
«jf  methyl  gnaiiidiu  iu  cholera  eultures  is  supposed  to  indicate  that 
the  comma  bacillus  acts  as  an  oxidizing  agent,  since  kreatiuiu  yields 
nu?thyl  guauidin  onl.v  by  oxidation.  In  additiou  to  the  above-men- 
tioned ptomaVhs,  Briegcr  succeeded  liy  his  method  in  obtaining  from 
cholera  cultures  two  jHUsons  which  he  at  tliat  time  considered  specific 
products  of  this  germ.     One  of  these  is  a  diamin,  and  ia  found  in 
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the  mercuric-chloride  precipitate.  It  produces  muscular  tremor  and 
eramjis.  In  the  merciiry  filtrate  there  was  found  another  j>oi«on 
which  in  mice  induced  a  lethargic  condition.  The  reapiratiou  and 
the  action  of  the  heart  liecame  slow,  the  temperature  sank  so  that  the 
animal  felt  cold  to  the  touch,  and  in  some  there  was  a  bloody  diarrham. 
It  is  possible  that  some  or  all  of  these  substances  found  by  Briefer 
may  l>e  artificial  protlucta  formed  during  the  process  of  extractifm. 
Whether  this  be  true  or  not,  it  is  ijiiito  eertidn  that  they  are  not 
prominent  factoi-s  in  the  production  of  the  symptoms  of  cholera. 

In  their  studies  of  tlie  toxalbumiua  Briegeraud  Fraenkel  obtained 
an  insoluble  pn  »teid  from  cidtures  of  the  cholera  bacillus.  This  sub- 
stance when  suspended  in  water  and  injected  subcutaneously  in 
guinea-])igs  caused  death  after  from  two  to  three  days.  Section 
showed  redness  of  the  sul>cutaneous  tissue  and  an  inflammatory  swell- 
ing extending  into  the  muscle  for  some  ilistauce  about  the  pr.unt  of  in- 
jection, but  there  was  no  necrosis.  lu  some  of  the  animals  there  was 
evidence  of  beginning  fatty  degenerati<iu  of  the  liver. 

In  his  study  of  the  methods  of  iuduciug  immunity  from  cholera, 
Gamaleia  treated  animals  with  cholera  cultures  sterilized  at  120°  C. 
Subcutaneous  iujections  of  these  sterilized  culturew  caused  tr;iusieut 
ti'dema  from  which  the  animal  soon  recovered.  However,  when  lie 
employed  cultures  sterilized  at  GO"  C,  large  doses  caused  death  in 
rabbits  when  injected  intravenously.  The  auiujals  refused  fond,  and 
a  peraistent  diarrhtea  api>eared.  The  urine  became  albuminous,  and 
in  some  instances  there  was  retention  of  this  secretion. 

Petri  studied  tbe  chemistry  of  cultures  of  the  cholerii  biicillus  in 
l)eptoue.  In  such  cultures  he  fouud  large  (quantities  of  ty  nisiii,  leuciu, 
a  small  <piantity  of  indol,  fatty  acids,  poisonous  bases,  ami  a  poison- 
ous proteid.  This  proteid  resembled  ]>e])toue  in  its  lieliavior  towards 
chemical  reagents,  and  it  was  desiguated  by  I'etri  as  toxipi'iitoue. 
In  quantities  of  0.36  gm.  per  kilogram  body  weight  and  in  larger 
(juantities  it  proved  fahd  to  guinea-pigs  iu  eighteen  hnui-s.  It  |in>- 
duced  muscular  tremor  and  i>ara!ysis.  Po8t-mortem  exumiiiiitiou 
showed  an  effusion  into  the  peritoneal  cavitj',  marked  injection  of  the 
Wood-vessels  of  the  intestines,  aud  isohited  hemorrhagic  s]»ots.  This 
proteid  was  not  rendered  inert  by  a  temjteratnre  of  100  (".  It  is  not 
to  be  regarded  as  a  chemically  pure  substance,  Imt  wa.n  uadoubtedly 
contaminated  with  more  or  less  uuehauged  [lejitoue. 

Scholl  studied  the  products  obtained  by  the  growth  of  (lie  cholera 
germ  in  sterilized  eggs.  Tresh  eggs  were  sterilized  aud  inoculated 
in  the  usual  way.  After  liaving  been  kejit  for  eighteen  days  they  wi>re 
oi>ened  and  the  contents  examined.  The  white  of  the  egg  wjls  found 
to  be  completely  fluid,  and  to  give  off  a  strong  odor  of  hydrogen  sul- 
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y>Li(lp.  Five  cubic  ceutimetres  of  the  fluid  (■onteuts  uf  one  of  these 
ef^gs  were  injected  into  tLe  abdomen  of  a  guinea-jyig.  Soou  the  pos- 
terior extremities  were  paralyzed,  and  after  ten  minutes  the  i)aralj8is 
1>ecanie  general.  After  five  minutes  more,  convulsive  movements  of 
the  extremities  be^jan,  and  forty  minutes  after  the  injection  the  aniniid 
was  dead.  Section  sliowed  the  vessels  of  the  small  iuteatine  and 
stomach  higlily  conj^eHted,  a  colorless  effusion  in  the  peritoneal  cavity, 
and  the  lieart  in  diiistole.  It  is  altogether  probable  that  these  efFects 
were  due  to  the  hydrogen  sulphide,  as  practically  the  same  symp- 
toms may  bo  induced  iu  guiuoa-jii^s  by  similar  treatment  with  aque- 
ous solutious  (jf  this  substance.  However,  that  there  was  present  a 
poisonous  substance  in  addition  to  the  hydrogen  sulphide  was 
demonstrated  by  Sclioll  in  the  following  manner;  The  albuminous 
content  of  tJie  egg  was  poured  into  ten  timea  its  volume  of  absolute 
alcohol.  The  jirecipitate  which  formed  was  collected  and  washed 
witli  alcohol  until  the  tiltratw  became  colorless.  The  washed  precipi- 
tate was  tijeu  digested  for  fifteen  Tuinutea  with  "100  c.c.  of  water  and 
filtered;  8  c.c.  of  this  filtrate  was  injected  into  the  abdomen  of  a 
guiuoa-pig.  Paivdysis  resulted  immediately,  and  within  one  and 
oue-fimrth  minutes  tlni  animal  was  dead.  This  impure  toxin  was 
rendered  inert  by  a  temi>eratur6  of  100"  C.  It  was  not  altered  by 
short  exjxisuro  to  75  ',  Imt  attenijits  to  evaporate  the  solution  at  40'^  in 
vacuo  destroyetl  its  poisonous  pro]ierties. 

Huepjie  clainjs  that  the  cholera  poison  results  from  the  ferment 
action  of  the  germ  on  tln^  jiroteid  in  wliich  it  occurs,  and  that  the 
proteid  of  the  bacterial  cell  is  not  poisonous.  He  believes  that  the 
l>roteid  of  tiie  bacterial  cell  is  thi>  immunizing  substance  ])resent  in 
cliolera  cultnn-s.  Hn  claims  tliat  the  toxin  and  tlie  imruuuizing  sulj- 
stance  can  bi'  se])aratinl  in  tlie  foHowiug  manner:  Rice-water  stools 
from  cliolera  jtatients  are  treated  with  absolute  alcohol.  Both  the 
toxic  and  the  iiniiiiniiziiig  sn1>sfiinces  are  |)reci]iitated.  I?y  collecting 
tliis  precipitate  and  extracting  it  with  sterilized  water  or  physiological 
salt  sfilutioii  tlie  toxin  only  is  dissolved.  Huoppe  claims  that  in  a 
given  case  of  cholera  the  toxin  may  form  most  abundantly  and  the 
immunizing  substance  only  in  small  amount.  In  such  cases  the 
symptoms  of  the  disease  would  bo  violent,  and  should  recovery  occur 
the  immunity  to  subsequent  infection  woidd  lie  slight.  With  the 
conditions  reversed  the  disease  might  be  sligiit  and  the  immunity 
estabJislied  great. 

There  are  two  theories  as  to  the  mode  of  formation  of  the  toxin  of 
cholera.  Pfeill'er  holds  that  tlie  ]ioisou  is  a  constituent  of  the  germ 
cell  and  tliat  it  is  not  set  free  until  the  germ  dies  and  disintegrates. 
On  the  other  liand,  Metchnikufl'  believes  that  the  toxin  is  a  soluble 
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secretion  formed  iu  the  cell,  aDd  constantly  given  oflf  from  the  same. 
The  latter  view  in  apparently  demonstrated  by  some  recent  experi- 
ments by  Metchnikoff  and  Roux. 

TET.\Nrs. 

Briefer  obtained  from  mixed  cultures  of  the  tctauus  perm  four 
jMiisonous  substances.  The  first  of  these,  tetaiiin,  which  rayiidly  de- 
composes in  acid  solutions,  but  is  stable  in  allialine  solutions,  jiro- 
cluces  tetanus  iu  mice  when  injected  iu  ([uantities  of  only  a  few  milli- 
grams.  The  second,  tetanotoxin,  proiluces  first  tremor,  then  paralysis, 
followed  l\v  con\-ulsions.  The  third,  to  whicli  no  name  has  been 
given,  causes  tetanus  accompanied  with  a  free  flow  of  the  saliva  and 
tears.  The  fourth,  spasmotoxin,  induces  clonic  and  tonic  convulsions. 
The  same  exj>erimenter  isolated  tetauin  from  the  amputated  arm  tif  a 
man  with  tetanus,  thus  showing  that  this  chemical  puisou  is  formed 
iu  the  body  jis  well  as  iu  artificial  cultures.  More  recent  researches 
Lave  shown  us  that  these  crystalline  bodies  obtained  by  Brieger  dn 
not  constitute  the  most  active  poisons  produced  1j\'  the  tetanus 
bacillus. 

Brieger  and  Cohn  have  prepared  tetanus  tnxin  from  cultures  of 
the  bacillus  iu  veal  broth  ccmtaining  one  percent,  of  pei)toue  and  one- 
half  per  cent,  of  common  salt.  Tliese  cultures  were  rendered  germ 
free  by  filtration  through  porcelain  and  treated  with  nmmoniinn  sul- 
phate to  supersaturatiou.  This  reagent  throws  llie  jioison  out  of 
solution  and  it  floats  on  the  surface  from  wliich  it  is  removed  with  a 
lilatinuni  spatula.  Tliis  crude  poison  wlien  (h-ied  iu  vacuo  is  found 
to  contain  (i.Ji  percent,  of  ammonium  sulphjite.  Of  the  filtered  cul- 
ture O.OOQOii  c.c,  suffices  to  kill  mice.  From  one  litre  of  the  culture 
1  gm.  of  tlje  dry  substance  was  obtained,  auil  of  this  fl.OOnCMTOl  gni. 
killed  a  mouse  with  the  typical  symptoms  of  tetanus.  This  crude 
product  contains  besides  the  poison,  albumins,  peptone,  amido-acids, 
volatile  substances,  and  ammonium  suljiliate  with  <ither  salts.  Tlie 
albumin  was  removed  by  jirecipitation  with  basic  lead  acetate.  Ti.e 
peptone,  amido-acids,  and  salts  were  renifivedby  dialysis,  and  fimdly, 
evaporation  in  vacuo  at  from  20^  to  22  '  C  removed  tlie  volatile  sub- 
stances. The  toxin  thns  obtained  is  yellow,  flocculent.  readily 
soluble  in  water,  odorless,  and  similar  to  gum  arabic  in  taste.  It 
turns  polarized  light  slightly  to  tlie  left,  it  fails  to  give  llie  Millon 
and  xanthoproteid  reactions,  but  does  give  with  cop]>er  sul]>]iate  and 
caustic  potash  a  faint  violet  coloration,  not  identical  with  the  rose 
tint  of  the  biuret  reaction.  With  the  excejilion  of  ammonium  sul- 
phate, the  metallic  salts  such  as  sodium  cliloride  and  sulphate,  mag- 
nesium sulphate,  potassium  nitrate,  mercuric  chloride,  and  potassium 
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ferrocyan  do  with  acetic,  acid,  failed  to  precipitate  the  poison.  More- 
over, calcium  phosphate,  which  Roux  and  Yerain  nsed  for  carrying 
d<iwu  the  diphtheria  poison,  also  magueaium  carbonate  and  alumi- 
num hydrate,  do  not  precipitate  the  tetanus  poison.  This  poison 
coutiiius  no  phosphorus  and  only  unweighable  traces  of  sulphur.  Of 
the  best  prejiaration  obtained  at  that  time  by  these  investigatore 
0.(K)(HXX)l)5  ^,'111.  killed  a  mouse  of  15  gm.  weight.  The  authors  figure 
from  this  that  the  fatal  dose  for  a  man  of  70  kgm.  weight  would  be 
O.OtX)2;i  gm.,  or  0.2'i  mgm.,  and  that  0.04  mgm.  would  induce  symp- 
toms of  tetanus.  The  smallest  .^*al  dose  of  atropine  for  the  adult  is 
130  lu^'m.,  and  of  .strychnine  from  30  to  100  mgm.  "From  this  one 
can  judge  of  the  fearful  weapons  possessed  by  the  bacteria  in  their 
poisons." 

Fprmi  and  Peruossi  reach  the  following  conclusions  from  iheir 
studies  of  the  t*^tauus  poison; 

1.  First,  agar  cultures  are  the  moat  poisonous,  next  come  those 
on  gelatin,  and  Ia.stly,  those  in  bouillon. 

'2.  Chickens,  turtles,  snakes,  and  tritons  are  immune  to  the 
jioison. 

;i  In  the  jibove- mentioned  animals  the  tetanus  poison  may 
remain  and  retuiu  its  virulence  for  three  days  or  even  longer. 

4.  Filtrates  from  agar  and  gelatin  cultures  are  more  resistant 
to  heat  than  tiiosc  fmni  bouillon.  Like  the  enzymes,  the  purer  the 
tetanus  poison  the  less  stability  does  it  ]iosse83. 

5.  Dissolved  in  water  the  tetanus  poison  is  rendered  inert  by  a 
ti'm]>eratnre  of  55"  C,  but  in  the  dry  sbite  it  can  be  heated  to  120° 
C.  without  loss  of  virulence. 

<1.  When  the  dried  [mison  is  mixed  with  ether  or  chloroform  and 
lieatcd  to  SD  C".  it  is  destroyed,  but  with  amylic  alcohol  or  benzol  a 
temperatun'  of  ](M)    C  is  reijiiiced  to  accomplish  this  result. 

7.  Dissolved  in  water  this  poison  is  destroyed  by  direct  sunlight 
after  an  fxposurf  of  eight  to  ten  hours  (with  the  highest  temi>erature 
<m  a  lilackeni'd  tlicrmoimHer  at  50  '  C.)  or  after  fifteen  hours  when  the 
temperature  did  not  exceed  37°  C. 

H.  Til  tiie  dr>  stat(i  the  tetutms  poison  can  be  exposed  to  the  direct 
sunlight  fur  nui-  hundred  liuurs  without  loss  of  virulence. 

1>.  lender  the  actioLt  of  an  electric  current  of  0.5  ampere  continued 
for  two  hours  the  sul>staMC('  liecoines  inert. 

10.  The  p(jison  is  dfstroycd  by  tlie  following  substances:  Potas- 
sium permanganate,  50  per  cent,  for  forty -eight  hours;  phospbo- 
tuugstic  acid,  saturated  solution,  for  twenty -four  hours;  Ume  water, 
saturated  solution,  for  twenty-four  hours;  aseptol,  concentrated,  for 
twenty-four  hours;  lysol  concentrated,  for  twenty -four  hours;  hydro- 
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chloric  acid,  25  per  ceut,  for  twenty-four  hours;  butyric  acid,  25  per 
cent.,  for  twenty-four  hours;  phosphoric  acid,  25  per  cent.,  for 
twenty-four  hours;  oxalic  acid,  4  per  cent.,  for  twenty-four  hours; 
tartaric  ft<.'id,  1  i>er  cent,  for  twenty-four  hours.  It  is  not  destroyed 
by  the  following:  Antimony  tartrate,  5  per  cent.,  twenty-four  hours; 
lead  ace  til  te,  four  days;  magnesium  oxide,  forty -eight  hours;  chloro- 
form, four  days;  acetic  acid,  twenty-four  hoiu-s. 

Aci'!ordiug  to  Kitasato  the  tetanus  poison  is  destroyed  after 
twenty-four  hours*  exposure  to  the  following:  Tannin,  L.'S-per-ceut. 
solution;  caustic  lime,  O.Ob  per  cent. ;  paraphenol-suIi)hiiriu  acid,  2.5 
per  cent. ;  ammonia,  (>.9  per  cent. ;  caustic  soda,  3.2  per  cent. ;  barium 
hydrate,  1  per  cent. ;  platinum  chloride,  0.4  per  cent.  Aftor  an  ex- 
posure of  one  hour :  Gold  chloride,  0.5  per  ceut. ;  alcoliol,  W)  ]ier 
cent. ;  methyl  alcohol,  50  per  cent. ;  amyl  »ilcohol,  77  per  cent. ;  car- 
bolic acid,  1.5  per  ceut. ;  soda  lye,  0.4  i>eT  cent. ;  iodine  trichloride, 
0.5  per  cent. ;  kreosol,  1  per  cent, 

11.  Sulphuric  oxide,  oxygen,  carbonic  acid,  carlxm  monoxide, 
methane,  and  hydrogen,  even  after  from  ten  to  fifteen  hours,  do  not 
apprecial>ly  impair  the  poison. 

12.  Gastric  juice  destroys  the  poison  through  the  activity  of  the 
hydr(K.'hlorie  acid,  and  not  by  virtue  of  the  ]>e]iHiu. 

13.  Ptyalin,  diastase,  aud  emulsin  have  no  action.  The  eflfect  of 
trypsin  has  not  been  satisfactorily  determined. 

14.  Putrefactive  germs  i\o  not  destroy  the  poison. 

15.  The  living  but  not  the  dead  intestines  uf  guiuea-[)igs  and  cats 
destroy-  the  poison. 

16.  The  living  intestine  of  the  chick  does  not  destrf>y  aud  does 
not  absorb  the  poison. 

17.  The  poison  may  be  eliminated  by  the  kidneys  and  retain  its 
])roi>ertie8  in  the  urine. 

IB.  The  poinon  is  not  a  ferment. 

Bruschettiui  has  studied  th*;  distribution  of  the  tetjxnns  poison  in 
the  bmly  and  its  elimination,  in  the  following  manner:  Animals  were 
IKiisoned  by  injections  of  the  toxin.  When  death  from  the  ])oison 
was  imminent  they  were  killed  aud  pieces  of  various  organs  rubl>ed  up 
with  sterilized  water  were  injected  into  otiier  animals.  Tlie  jn'eparac 
tious  frtmi  the  liver  anil  suprarenal  capsules  were  invariably  without 
effect,  while  those  from  the  kidney  were  constantly  poisonous.  This 
was  supposed  to  demonstrate  that  the  poiwon  is  eliininated  by  tlie 
kidney.  The  blood  taken  from  the  vena  cava  was  found  to  be  (loisou- 
ous  in  three  out  of  four  experiments.  When  the  injections  of  the  toxin 
were  made  under  the  skin,  the  lumbar  cord  was  found  to  be  active  in 
four  out  of  eight  cases,  and  in  all  when  the  injections  were  made 
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difectly  into  the  i^ciutic  nerve.  On  the  other  hand,  %vhen  the  inocn- 
liitiims  were  made  under  tlie  dura  mater,  the  brain  was  found  to  Ije 
active  aud  the  himlmr  cord  remained  inactive.  From  these  exi>eri- 
meuts  it  ia  coudiuled  that  the  poison  not  only  circulates  in  the  blood, 
but  }H  depo.sited  in  the  central  nervous  system.  This  author  has  also 
found  tlto  toxin  in  tht*  urine  of  men  sufferinij;  from  tetanus.  However, 
Bruner  in  several  cases  of  tetanus  in  man,  Stem  iu  tvvo,  and  Briegerin 
one  cjuse,  were  not  able  to  induce  tetanus  in  animals  by  injectiujj  into 
them  even  larj^e  doses  of  the  urine  of  i>atieuta  with  this  disease. 
This  only  shows  that  the  poison  is  not  in  all  cases  eliminated  by  the 
kidney  in  HutHcienfc  quantity  to  render  the  urine  highly  toxic.  In  a 
fatal  case  of  ticuU*  tetanus  Vuljiiiis  failed  to  induce  t^etanus  T^itL  the 
urine  voided  during  life,  but  succeeded  with  that  found  in  the  bladder 
after  death. 

Buschke  and  Oergel  induced  tetanus  in  j^ninea-piga  with  blood 
serum  cjbtained  by  venesection  from  a  fatal  case  of  this  disease. 
Witli  extracts  from  the  liver,  spleen,  and  spinal  cord  after  death 
like  results  were  also  obtained  iu  mice.  According  to  the  studies  of 
(^uadu  the  tetanus  poisou  when  injected  directly  into  the  blood  circu- 
lates unchanged  and  unabsurbed  for  some  Inmre.  He  states  that  a 
much  larger  dose  is  required  to  induce  symptoms  when  given  intra- 
venously than  when  given  subcutaneously. 

Liermanu  found  tJiat  material  taken  from  the  arm  of  a  man  who 
had  difd  frnni  tetanus,  and  who  had  lieen  buried  for  two  and  one- 
half  years,  induced  tetanus  in  animals.  This  would  seem  to  indicjite 
that  tlie  ]»>ison  rebuns  its  virulence  for  a  hmg  time.  In  this  material 
there  were  found  nine  kinds  of  bacteria,  but  none  of  these  in  pure  or 
in  mixed  cultures  inducinl  tetanus.  This  author  explains  these  find- 
ings by  sii]>posing  tliat  uon-|iathogenic  liacteria  may  receive  toxico- 
gcnii^  jiroiicrtjcs  frnm  the  media  in  which  they  grow.  With  the 
tetanus  bacillus  widi-ly  distributed  in  the  soil  it  would  not  Iw  sur- 
prising to  fiml  that  material  taken  from  the  arm  of  a  man  dead  from 
uny  disease  after  burial  fur  two  .and  one-liaif  years  shoidd  induce 
tetanus  in  animals.  Mnredver,  the  failure  to  find  the  tetanus  bficillus 
does  not  call  for  the  suppirsition  gi\en  by  Liermaun.  The  tetanus 
poison  without  any  bacilli  would  jimduce  the  same  effect. 

Many  attenii>ts  have  been  made  to  find  in  other  germs  or  in  other 
products  some  agent  which  would  neutralize  the  tetamis  poison- 
Roncali,  with  this  in  view,  has  tested  forty  different  germs.  His 
results  were  wholly  negative.  The  tetanus  ]ioisou  was  found  to  act 
more  energetically  in  auimals  inoculated  with  certain  other  bacteria 
or  treated  with  <'>thfr  products,  aud  iu  no  case  was  there  ani'  evidence 
of  antagonism  in  action. 
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DirHTHERU. 

The  fact  that  the  biicillus  of  this  disease,  altliouK^  found  ouly  at 
the  place  of  inoculatiou,  causes  marked  systemic  disturbances  indi- 
cates that  its  action  must  be  due  to  its  sohible  prfKliictH.  Tliis  was 
early  recognized  by  the  discoverer  of  tlie  bueillus,  Looffler,  who  iu 
1887  attempted  to  ascertain  the  nature  of  tlie  poison.  A  tltisk  of 
Iwuillou  containing,'  peptone  and  yrape  sugar  was,  tlireo  days  after  it 
had  l>een  inoculated  with  the  bacillus,  eva])oratfd  to  10  c.c,  and  this 
was  injected  into  an  animal,  but  was  without  effect.  A  second  Hask 
of  the  same  material  was  extracted  with  ether,  but  this  extract  was 
also  found  to  be  inert.  Some  neutral  beef  I iroth  Wiis  extracted  with 
j^'lyceriu  some  four  or  five  days  after  it  had  lieeu  inoculated  with  the 
bacillus.  The  (glycerin  extract  wheii  treated  with  five  times  its 
volume  of  absolute  alcohol  deposited  a  vohuiiinotiK  flncculeut  ju'ecij)!- 
tate  which  was  collected,  washed  with  alcohol,  dried,  and  dissolved  iu 
a  little  water.  It  was  ayain  precipitated  with  alcohol  and  a  curieut 
of  carlnmic-acid  pis.  By  this  means  tliere  was  obtained  a  white  suV 
stance,  and  from  0.1  Ut  0.2  gui.  of  this  dissolved  iu  water  and  injected 
snl>cutanet>usly  in  j^iiuea-pif^s  cruised  marked  p;du  followed  by 
ifidema  terminating  iu  necrosis. 

Roux  and  Yersiu  studied  diphtheria  cultures  which  had  been 
freed  from  the  biU'illus  by  filtration  thrnugh  ]>orcelaiii  tubes. 
Animals  were  imxnilated  with  tliese  filtered  cultures.  The  resnllH 
obtained  varied  with  the  amount  of  the  fluid,  the  s])ecies  of  tlie 
animal,  and  the  method  of  administration.  Iu  general  the  efi'ects 
olwerved  were  a  serous  exudate  iu  the  |)h'Uiiil  cavit>  ,  an  acute  iufiam- 
mation  of  the  kidney,  fatty  degeneration  nf  the  liver,  and  an  (ede- 
matous swelling  in  the  surrounding  tissue  after  subcut-ineous  inocu- 
lation. In  some  animals  jiaraly.4is,  generally  iu  the  ]io.sterior 
extremities,  resulted.  The  aetitm  of  this  jioistm  was  found  to  Im' 
very  slow,  and  as  a  rule  death  rn'curred  days  and  iu  some  instances 
weeks  after  the  inoculation,  and  was  generally  preceded  by  marked 
emaciation.  Tlie.se  investigators  at  first  employed  cultures  seven 
days  old.  Later  they  worked  with  cultures  six  weeks  old,  and  tliese 
were  found  to  coubiiu  larger  amounts  of  tlio  p<jisnn.  In  sucii  cul- 
tures after  filtrati(m  the  poison  was  present  iu  such  ijuaiitities  that 
from  0.2  to  2  c.c.  injected  under  the  skin  in  guinea-pigs  induced  the 
above-mentifmed  synijitoms.  It  was  found  that  when  these  filtered 
cultures  were  heated  to  100"'  C.  for  twenty  minutes  they  were  rendered 
inert,  and  that  a  temj)erature  of  .58'  C.  maintained  for  two  hours 
markedly  leaseued  their  virulence.      Roux  and  Yersiu  ascertained 
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that  the  poiaouuuB  Bubstiiuce  coulil  be  carried,  dowu  mechanically 
from  cultures  ou  the  additiou  of  calcium  chloride.  The  great  toxicity 
of  thin  precipitate  is  inilicated  by  tlie  atatemeut  that  0.4  rngm. 
suffices  tn  kill  eight  guiuea-pigs  or  two  rabbits,  auil  that  2  cgm. 
coutainiuy  alwut  0.2  mgm.  of  the  pure  poison  killed  a  guinea-pig 
within  four  da\'8.  Roux  and  Yersiu  as  well  as  Loeffler  came  to  the 
couclusiou  that  the  di]>htheriii  poison  is  a  ferment. 

In  their  early  studies  of  the  diphtheria  jioisoa  Brieger  Hnd 
Fraeukel  employed  two  methods  of  steriliziug  their  cultures.  In  the 
first  methiHl  the  lnu-illi  were  destroyed  by  heat.  They  ascertained 
that  ii  tempeniturs  of  1(X)  C  rendered  the  cultur&'i  inert,  but  that  a 
teuifierature  of  50"  C  was  sufficient  to  destroy  the  germs,  while  the 
vindciico  of  the  chemical  [iroducts  wa.s  not  affected.  The  second 
method  cousisted  of  removing  the  bacteria  bj-  filtratifm  through  jxirce- 
laiu.  The  germ-free  filtrate  could  l>e  heated  to  50^  C.  without  loss 
of  toxicity,  while  a  temi>eraturo  of  W"  C.  rendered  it  inert.  Varying 
(luautitioH  of  filtered  cultures  were  used  upon  auimals,  mice,  guinea- 
pigs,  and  rabbits,  aud  it  was  foiiud  that  the  effects  varied  with  the 
tpiautitit's  employed  and  the  methods  of  admiuistratiou.  The  symj)- 
toms  appeared  most  promjitly  when  thii  iuiectioua  were  made  intra- 
venously, lu  all  cases  in  which  death  did  not  occur  too  early 
|)arnlysis  app(\ired.  The  limbs  were  fii-st  affected,  aud  this  was  true 
whethiH'  the  fluid  was  administered  intravenously  or  subcutaneously. 
The  ]»>st-mortem  H[)pearances  were  identical  with  those  observed 
after  iuiifiilatinu  with  the  bacillus  with  the  exception  of  the  absence 
of  tim  jisi'udiimi'mbraue.  .Iftcr  subcutaneous  injection  there  was  a 
gelatiuous  grayish-white,  sometimes  reddish,  tedematous  fluid  formed 
at  the  jxiint  of  iujection,  aud  after  larger  doses  there  wjls  necrosis  of 
tissue.  In  cases  in  whicJi  death  was  dehiyed  there  were  effusions  in 
the  iileura,  fatty  degeneration  of  the  liver,  aud  iutiaramation  of  the 
kidni'\  s. 

Tangl  h;is  shown  that  the  chemical  poisou  of  diphtheria  is  formed 
in  the  body  jis  well  as  in  culture  tljvsks.  A  large  piece  of  psendo- 
u)emKrane  was  uiacerati'd  in  wati-r  in  an  ice  che.st  for  twenty-four 
hours  and  then  filti'ifd  thningh  porcelain.  Tbe  filtrate  injectetl  into 
auimals  ]>r(K.luced  all  tlie  symiitnuis  that  had  been  obtained  by  the 
similar  cnijiliiy  mciit  of  artificial  cultures.  The  same  oljserver  noticed 
tliut  in  some  auimals  inoculateil  with  tln^  sterilized  cultures  throngh 
the  nnicoas  membrane  a  pseuilnmeiidiraue  foriued  at  the  point  of 
inji'ftiou.  The  dijththeria  jioisoii  h;is  also  been  found  in  the  tissues, 
Vilood,  aud  urine. 

Kossel  has  shown  tlial  the  specitii.-  toxin  of  ilij^htheria  is  a  secre- 
tion of  the  bacterial  cell.     Its  formation  1>egins  with  the  growth  of  the 


THE  POIBON8  OP  THE  SPECIFIC  INFECnOUS  DISEASES.  95 

bacilli,  and  it  api)ear8  in  cultures  before  the  cells  begin  to  break 
down  and  before  their  contents  pass  into  solution.  'NMien  the  bacilli 
die  the  production  of  the  poison  ceases.  In  this  way  we  understand 
that  the  e3uiltation  of  diphtheria  bacilli  consists  of  a  development  of 
their  specific  function. 

Schierbeck  states  that  the  production  of  toxin  bj-  the  diphtheria 
bacillus  is  favored  by  the  presence  of  free  carbonic  acid,  and  he 
recommends  that  in  the  preparation  of  the  toxin  the  (Uphtheria  cul- 
tures be  treated  with  a  current  of  air  containing  eight  per  cent,  of 
this  gas. 

Smirnow  states  that  the  globulin  ( if  the  normal  blood  serum  of  the 
hor>ie  neutralizes  the  diphtheria  poison.  Dieudoune  hiw  toHted  the 
action  of  globulin  obtained  from  blofxl  serum  by  different  methods. 
Two  methods  were  finally  adopted  and  these  consisted  (1)  in  precipi- 
tation by  saturation  witli  magnesium  sulphate,  and  (2)  in  treatment 
with  a  current  of  carbonic-acid  gas.  The  globulin  obtained  by  the 
first-mentioned  method  markedly  neutralized  the  diphthei-ia  poison, 
while  the  otiier  preparation  had  but  little  effect.  This  would  seem 
to  indicate  that  the  neutralizing  action  is  not  due  to  the  globulin, 
but  to  some  substance  carried  down  by  this  proteid. 

According  to  Sprouck  the  most  active  diphtheria  toxin  is  formed 
when  the  bacillus  is  grown  upon  bouillon  prepared  from  meat  several 
days  old,  and  in  which  the  sugar  has  undergone  fermentative  decom- 
position. The  peptone  used  in  the  preparation  of  culture  media 
ahotdd  also  he  free  from  sugar. 

Dungers  has  shown  that  the  diphtheria  bacillus  jirdduces  nmro 
toxin  when  grown  in  culture  media  cnutaiuing  ascitic  fluid  frnin  uiim 
than  it  does  in  ordinary  culture  media. 

Dzierzgowski  and  Rekowski  have  made  the  follruving  wtndy  of  the 
chemical  products  of  the  diphtheria  liacillus.  lu  the  first  c'X[)erimeut, 
four  flasks  each  containing  two  litres  of  a  solution  of  commercial 
peptone  in  water  was  employed.  After  sterilization,  two  flasks  were 
inoculated  with  the  Imcillus,  while  the  other  two  were  kejit  as  con- 
trols. All  of  these  flasks  stood  for  six  weeks  at  a  temperature  of 
36.5°  C.  Til  en  the  contents  of  one  diphtheria  and  one  contml  fla-^k 
were  cUstilled  separately  to  half  the  volume,  and  the  distillates 
redistilled  and  evaporated.  Then  these  residues  were  freed  from 
ammonium  chloride  with  absolute  alcohol,  that  froui  tin' iiinculiiti'd 
flask  left  a  substance  soluble  in  water  and  fatal  to  a  rabliit  in  tifti>(  ii 
minutes,  while  that  from  the  control  flask  had  no  poisonous  pi'oper- 
tias.  Tlie  albumose  precipitated  by  absolute  alrohnl  in  both  flasks 
gave  substantiallj'  the  same  chemical  reactions,  but  that  from  the 
inoculated  flask  in  doses   of  0.2  gm.  ailuiiuistered  subcutaueously 
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killed  guiiiea-pi^s,  while  that  from  the  other  flask  in  doable  this 
amount  had  uo  effect.  The  sabstaucea  soluble  in  alcohol  from  botli 
ttaska  were  not  poisonous.  Attempts  were  made  to  obtain  the  vola- 
tile body  in  large  amount  and  chemically  jiure  but  without  success. 
In  the  purest  form  obtained  0.15  gm.  sufficed  to  kill  a  guinea-pig 
within  eight  minutes. 

Typhoid  Fever. 

Brieger  has  obtained  from  pure  cultures  of  the  Eberth  baciUna  a 
poisonous  base  which  causes  in  guinea-pigs  a  slight  flow  of  sahTii, 
increases  the  freiiucucy  of  respiration,  dilates  the  pupils,  induces 
profuse  diiirrhiwi,  aud  leads  h>  paralysis  followed  by  death  within 
from  tweutj'-four  to  forty -eight  hours.  Post-mortem  examination  of 
these  Huiiiials  shows  the  heart  to  he  iu  systole,  the  lungs  In-perffimic, 
aud  the  iutestiues  eontrufted  aud  ]>ale.  For  a  while  this  poison  was 
regarded  a.s  the  specific  product  of  the  typhoid  bacilluH,  aud  Brieger 
TiauKnl  it  ty]ihi>ti>xin.  Later  Brieger  and  Fraeukel  obtaineil  from 
[Hire  cultures  of  the  Ebertli  bacillus  a  pniteid  which  causes  death  in 
ral)hits  after  from  eight  to  teu  days.  Pfeiffer  has  shown  that  the 
poisou  is  contaiued  iu  the  bacterial  cells.  From  3  to  4  raj'm.  of  this 
substance  fur  each  KX)  gm.  of  body  weight  suffice  to  kill  K^inea-pigs. 
With  this  poiaou  auiuials  can  bo  rendered  immune  to  Eberth's  bacil- 
lus, hot  lint  to  the  l>acilhis  coli  couimuuis. 

In  ISS'.)  tlui  writer  obtained  frcuii  mixed  cidtures  from  typhoid 
stools  a  bfise,  forming  crystalline  salts  and  eaiiuble  of  inducing  in 
cats  aud  dogs  a  marked  elevation  of  tem|)eraturo  accompanied  by 
severe  j)urgiiig.  Tln'  foUnwing  is  a  record  of  one  experiment  with 
this  suljstauce:  ''Au  aqueous  Huhitiou  of  the  crystals  was  jjiven  to  a 
dog  by  tlie  mouth  at  •\  !'.M.  The  rectal  temperature  before  the 
administration  was  Idl  F.  At  3  :lo  purging  aud  voinitinj^  set  in  and 
continued  at  intervals  for  more  thau  two  hours.  At  3 :30  the  temjjer- 
ature  was  1(0'  F.  At  3:55  tbe  animal  began  to  jvurge.  The  first 
disci largi'H  contained  much  fecal  matter,  but  suljsetiuently  they 
becauje  watery  aud  contained  mucus  stained  with  lilood.  At  4  iY)  the 
temperature  was  llt:i5  '  F.,  and  rr^inaiiicd  at  tlie  same  ])oiut  at  4:.3(). 
Tile  animal  was  not  seen  again  until  1(J  :Oll  a.m.  the  uext  day,  when  its 
temperature  was  1(R).5'  F.,  aud  recovery  seemetl  com|)lete."  This 
base  was  not  obtained  in  ((uantities  sufficient  for  an  ultimate  analy- 
sis. The  platinoclilnride  crystallizes  in  fiue  rhombic  prisms  and 
the  liydrochloride  in  loug,  delicate  red  needles.  The  red  color 
seems  td  be  inherent  to  the  substaiii-i>  and  not  due  to  impurities. 
The  mercury  aud  platinum  compounds  are  insoluble  iu  ulcobol,  bat 
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I  aolilble  in  water.  Tlie  liydrochloride  is  soluble  iu  both  water  and 
alcohol. 

It  has  been  claimed  bj'  Ro<let  and  Koux  of  Lyons  that  tlie  bacillus 
coli  commuiUH  aud  the  typhoid  bacillus  are  varieties  of  the  same 
8i)ecies.  If  this  be  true,  the  pollution  of  drinking-water  with  normal 
froces  may  cause  typlioid  fever.  It  ia,  therefore,  evident  that  a  posi- 
tive decision  on  this  point  is  of  great  importance.  Attempts  to 
reach  such  a  decision  were  timt  made  b\'  reudoriug  animals  immune 
to  one  of  these  germs,  and  then  ascertaining  whether  or  not  this 
immunit\'  holds  good  against  the  other.  The  results  reaclieil  by  ex- 
l>erimentH  of  this  kind  were  contradictory.  Sauarolli  ami  Demell  and 
Orhindi  found  that  animals  immunized  against  the  typhoid  bacillus 
were  also  immune  to  the  colon  bacterium,  and  those  ])rotec'ted  in  like 
manner  against  the  latter  Ijecame  immune  to  tlie  former.  These 
investigatoi-s  reach  the  conclusion  that  the  products  of  these  germs 
are  biologically  ecjuivalent.  On  the  other  hand,  Ncisser  fnuud  tliat 
animals  jirotected  against  from  twelve  to  twenty  times  the  ordinarily 
fatid  dose  of  the  typhoid  Tjacillus  died  when  ti'eated  with  from  two 
to  three  times  the  usually  fatal  tpiantity  of  the  colon  liacilhis,  aud 
that  those  immunized  against  from  t<3n  to  twelve  times  the  fatal  dose 
of  the  colon  germ  succumb  to  three  times  tlie  fatal  quantity  of  the 
tyjjhoid  bacillus. 

A  second  methotl  of  studying  this  question  is  founded  on  the 
discovery  f >f  Pfeiffer,  that  the  blood  surum  of  the  animal  immunized 
against  the  typhoid  or  cholera  bacillus  protects  other  aniniiils  against 
the  germ  used  iu  securing  immunity  aud  not  against  others,  i.e., 
that  the  immunity  is  specific.  The  typhoid  bacillus  has  been  com- 
pared with  the  colon  germ  by  the  ajqtlii'atinn  of  tliis  tes*.  Experi- 
ments of  this  kiud  have  i>eeu  made  hy  Pfoift'er,  LoefHer  aud  Al>el, 
Dunbar,  Funk,  and  others.  All  have  reached  similar  results.  The 
blood  senim  of  animals  rendered  immune  to  one  of  tlieso  germs  does 
not  give  e<iual  immunity  against  the  other.  In  other  words,  judged 
by  this  test,  the  typhoid  bacillus  cannot  be  regarded  as  a  variety  of 
the  coldu  germ.  Furthermore,  the  apjilication  of  the  now  well-known 
Widal  test  inilicates  the  specilio  nature  of  the  typhoid  bacillus. 
However,  these  facts  do  not  i)rove  that  the  colon  bacillus  and  the 
typhoid-like  germs  in  drinking  water  are  harmless,  or  that  tliey  may 
not  induce  fever.  No  less  an  authority  than  Gaffky  has  rpjHjrted  a. 
case  closely  resembling  tyjihoid  fever  in  every  detail,  caused  by  the 
colon  bacillus.  That  vaccination  agsiiust  smallpox  does  not  protect 
against  measles  is  no  proof  that  the  virus  of  the  latter  is  harmless. 
Mrtreover,  there  are  reasons  for  l>elieving  that  too  much  reliance  liaa 

been  placed  ni)on  the  Widal  test,  aud  that  normal  blood  serum  will 
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often  have  a  similar  effect  upon  the  typhoid  bacillus,  and  that  the 
difference  in  behavior  between  the  typhoid  and  colon  germs  towaiJs 
the  blood  Be  mm  of  typhoid  {mtieuts  is  not  so  marked  as  has  been 
generally  believed. 

Tuberculosis. 

Koch's  tuberculin  is  now  regarded  as  the  specific  chemical  poison 
of  the  bacillus  tiiljerculusis.  Koch  prepared  tuberculin  in  the  follow- 
iuj5  manner:  Meat  infusion  containing  one  ]>er  cent,  of  peptone  aiid 
from  four  Ur  six  per  cent,  of  glycerin  is  placed  in  sterilized  flasks 
with  broad  bottoms.  The  djusks  are  only  partially  filled  in  order  that 
the  HurfiU'o  of  the  Hiiid  shall  Im  a.s  great  as  possible.  A  Hmall  maga 
of  a  growth  of  tubercle  ImciUi  is  taken  from  a  cidture  on  glycerin- 
agar  or  blood  serum,  and  ]>hiuted  on  the  surface  of  the  meat  infnsiou 
iu  the  fia.sk.  Tim  flask  is  then  placed  in  im  incubator  at  37°  C  The 
lijicilli  grow  abundantly  on  the  surface  of  the  meat  infusion,  forming  & 
tliirk  yellriwish-wliite  layer.  After  alx>ut  six  weeks  growth  stop-s; 
the  liiU'terial  layer  also  begins  to  breidi  into  pieces,  and  these  fall  to 
the  bottom  of  the  flask.  The  culture  is  now  evaporated  to  one-tenth 
of  its  voliutic  <ui  the  wator-batli.  The  conconti-atiou  increases  the  per- 
centage of  glycerin  to  from  forty  to  fifty,  and  this  ingredient  i)revent8 
the  growth  of  extraneous  bacteria,  and  renders  the  fluid  permanent 
for  an  indefinite  time.  After  filtration  through  porcelain,  tliis  fluid 
cuustitntes  tlie  crude  tuliercnlin  of  Koch.  It  is  evident  tlint  it  uiu«t 
contain  in  addition  to  the  water  and  glycerin  any  other  uucliauged 
constituent  of  the  original  meiit  infusion,  any  split  ]>roducts,  if  there 
bo  such,  arising  from  the  ('leavage  action  of  the  bacilli  on  the  pro- 
teid  constituents  of  the  culture  medium,  aud  the  soluble  constitueuts 
of  the  bacterial  cell.  It  is  (|uite  endent  that  the  toxiu,  in  the  impure 
foruj,  is  not  (h'stroyed  by  the  temperature  of  the  water-bath.  Ulti- 
mate analyses  of  this  <'rude  tuberculiu  have  l>eeu  made,  but  it  must 
1)6  evident  fiom  the  statement  just  given  concerning  the  complexity 
of  its  coiup(jsiti(Hi  that  such  dettuiuinations  are  without  value.  It 
does  not  contain  any  jitoniaiu  or  any  cyanogen  bodies.  A  volumi- 
nous jireciintate  occui-s  on  the  addition  of  strong  alcohol,  which 
[ireci]>itate  eoiit.iius  tlie  toxin.  Since  the  toxin  has  not  1:>eeu  isolated, 
its  physical  projinltes  ;ind  chemical  reactions  remain  for  the  most 
part  unkuoun.  Tin'  toxic  substance  is  soluble  and  dialyyjdtle. 
Bujwid  prepared  tulHMciilin  liy  extracting  growths  of  the  tulH?rcle 
bacillus  on  glyceriu-agar  tubes,  heating  to  IfK)"  C.  for  ten  minutes, 
filtering  through  iiorcehiiu,  and  concentrating  at  a  low  temperature. 
The  toxin  nuiy  also  be  obtained  from  tuliercle  l)acilli  grown  on 
potatoes.      The  freskli'  cut  surfaces  of   the  sterilized  potatoes  are 
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washed  with  a  one-per-cent.  sterilized  solution  of  Bodimii  carbonate, 

then  washed  with  sterilized  water  containing  five  to  six  per  cent,  of 
(;;lyeerin.  At  a  temperature  of  37'  C  tlie  tultercle  bacillus  grows 
quite  abundantly  on  iiotatoes  thuH  prepared.  After  further  develoj)- 
ment  has  revised  the  growths  are  extracted  with  watnr  and  glycerin. 
Numerous  attempts  have  l>eou  made  to  purify  tuberculin,  but  up  to 
the  present  time  success  has  been  at  liest  only  partial.  Koch  ol>- 
taiued  a  white  precipitate  containing  the  toxin  by  the  addition  of 
sixty  Iter  cent,  of  jdcohol  to  crude  tubercuHn,  but  this  prcciiiitate  is 
a  mixture  of  several  Ixtdies.  Hunter  Iwlieved  that  he  had  sejjarated 
the  ciirative  from  the  fever-producing  constituent,  but  the  former,  as 
he  obtained  it,  possesses  no  curative  properties,  and  the  latter  is  stiU 
a  crude  toxiu.  By  fractional  ]irecipitatiou  with  alcohol  Klebs  has 
obtained  a  substance  which  lie  calls  tuberculocidin. 

Keceutly  (181*7)  Koch  has  made  a  second  most  valuable  contribu- 
tion to  our  knowledge  concerning  the  chemistrj-  of  the  cell  of  the 
bjiciUuH  tulierculosis.  Tlie  following  is  an  idistract  of  the  additional 
information  which  he  has  given  us  upon  this  j)oiut: 

In  the  first  place,  he  extracted  tulwrcle  bacilli  witli  oue-teutlt 
normal  soda  solution.  In  doing  this  the  bacilli  wcio  stirred  up  in 
the  solution  and  allowed  to  stand  at  the  room  temperature  with  fre- 
quent agitation  for  three  days.  At  the  expiration  of  this  time  the 
fluid  was  filtered  through  pajier  and  nnutralized.  In  this  manner 
there  was  obtained  a  faintly  yellow  fluid  which  was  found  never  to 
be  wholly  free  from  bacilli.  It  coubiiued  in  the  ordinary  cover 
preparation  from  five  to  ten  bacilli  in  each  field.  These  bacilli  were 
never  found  iu  clusters  but  always  single.  Of  course,  the  germs 
after  this  treatment  are  dead.  This  preparation,  because  it  is  an 
alkabue  extract,  is  designed  by  Kocli  iis  TA.  Ex]>eriments  made 
with  TA  show  that  with  very  small  doses  a  reaction  similar  to  that 
caused  by  the  original  tuljerculin  follows.  The  f)ul\  difference  is 
that  with  TA  the  reaction  is  more  niarkod  and  of  longer  continuance. 
With  relatively  large  doses  abscesses  may  funu  about  the  point  of 
injection.  These  abscesses  are  filled  'w'ith  sterile  Unid  and  may  con- 
tain the  dead  bacilli.  In  order  to  remove  tlie  bacilli  TA  was  filtered 
through  porcelain.  However,  it  was  found  that  not  only  the  bacilli 
but  also  a  considerable  amount  of  colloid  sulistance  remained  on  the 
filter.  The  filtrate  was  found  not  to  jiroduee  alM-esses,  and  not  to 
exceed  the  reaction  of  the  original  tuberculin. 

Koch  regards  the  formation  of  the  abscess  hy  the  injection  of  TA 
as  an  important  fact,  and  holds  that  it  teaches  us  that  immunity 
against  this  disease  cannot  l)e  secured  by  the  subcutaneous  injection 
of  any  fluid  containing  tubercle  bacilli.     Of  course  the  amount  of 
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this  substauce  minlvt  l>e  so  small  that  abscesses  will  not  follow. 
This  in  accouuted  for  by  the  fact  that  the  subciitaDeouH  tissue  is  able 
to  dispose  of  very  few  dead  bacilli  without  injury  to  itself. 

Former  researches  have  coiiviuced  Koch  that  the  tubercle  bacilli 
contain  at  least  two  characteristic  chemicid  bodies  which  l»elouj;  (n 
the  uusatiirated  fatty  acids.  One  of  these  fatty  acids  is  soluble  in 
dilute  alcohol  and  is  easily  saponitied  with  sodium  hydrate.  Tbe 
other  is  sfiluble  ouly  iu  boiling  absolute  alcohol  or  ether,  and  is 
saponified  with  difficulty.  Both  (»f  these  take  the  characteristic  stain 
of  the  tubercle  bacilli,  that  is,  they  are  colored  an  intense  red  with 
cjirliolic  fuchsin,  and  retjiin  this  color  iiiter  treatment  with  dihite 
nitric  acid  and  with  alcohol.  Tubercle  bacilli  from  which  the  first  of 
these  fatty  at'ids  has  been  removed  by  cold  alcohol,  still  respond  to 
the  .stain  test  for  tiie  yerm.  AiU^r  the  removal  of  both  of  these  fatty 
acids  from  the  bacilli,  the  cell  still  luaiutains  its  form,  hut  no  longer 
gives  the  sj>ecific  coloration. 

Finally,  Koch  has  adopted  the  following  method  of  preparing 
extracts  of  the  tubercle  bacilli:  A  well-dried  cidture  is  placed  in  jui 
agate  mortar  and  rubbed  with  an  agate  ]>estle  until  only  a  few  of  the 
bacilli  respond  to  the  sjiecilic  stain.  The  powder  thus  obtained  is 
sus])emled  in  dihitc  water  and  ]>laced  in  a  centrifugal  nuichine.  After 
this  lias  revolved  at  the  rate  of  fonr  thousand  revohitions  ])er  minute 
for  one-half  to  three-fourths  of  an  hour,  it  separates  into  a  snper- 
natjint,  opalescent  Huid  which  contains  no  bacilli,  and  a  sediment. 
Till'  seditiiiMit  is  renioAt'd,  dried,  again  rubln-d  iu  a  mort^ir,  and  again 
placed  iu  lh(i  centrifugal  machine.  There  is  now  obtained  a  clear 
supernatant  tluid  and  a  solid  sediment.  These  manipulations  can  be 
rejieated  as  long  as  any  extract  is  obtained  from  the  biicilli. 

The  extracts  thus  obtained  from  the  tubercle  batuUi  have  l>een 
injected  into  men  and  iiiiinials,  mid  it  has  been  found  that  they  do 
not  produce  abscesses.  It  h;is  been  fiinii<l,  however,  that  the  extract 
lirst  obUiiued  <liffers  from  tla^  second  antl  sub.secpient  extracts.  The 
extract  tirst  obtained  iu  the  centrifugal  nwudiine  is  designated  by  Koch 
as  TO,  and  the  subse(|ueat  extracts  as  TR.  The  addition  of  fifty  per 
ci'ut.  of  glycerin  to  TO  causes  no  change,  while  iu  TR  it  produces  a 
whit^i  floccuh'nt  ]>reci[iitate.  This  iudicat<>s  that  TR  contains  suIk 
staucts,  extnieti'd  frntii  the  tubercle  bacilli,  which  are  insoluble  in 
glycerin,  while  TO  coutaius  those  substjiuces  which  are  soluble  in 
glycerin.  Ciirrespondiug  to  this  chemical  difference,  these  prepara- 
tions act  somewhat  dill'erently  upon  men  and  animals.  TO  resembles 
the  original  tuVierculin  ami  the  preparation  which  has  been  already 
designated  as  TA,  with  the  exception  that  TO  does  not  cause 
abscesses.     Moreover,  TO  has  but  little  effect  ou  the  production  of 
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linmuiiity.  On  tlie  otber  hand,  TR  acte  differently  so  far  as  tlie  pro- 
duction of  immunity  is  concerned.  It  i«  true  that  when  Riven  in 
large  doses  it  gives  the  tuberculin  reaction,  but  its  most  important 
eflfect  is  entirely  independent  of  this  reaction.  \Miile  in  the  use  of 
the  original  tuberculin  and  of  tiie  preparations  here  known  aw  TAaud 
TO,  the  so-called  tuberculin  reaction  must  Ite  induced  in  order  to  get 
any  curative  effect,  Koidi  attempts  in  his  employment  of  the  TR  prep- 
aration to  avoid  the  tul>erculin  reaction.  By  beginning  with  small 
dose.s  of  the  TR  extract  and  gradually  increasing  the  aame,  Koch 
claims  that  animals  can  Im  made  immune  to  the  TR  preparation,  and 
finally  to  the  tubercle  bacillus  itself. 

Koch  states  that  not  every  culture  of  the  tulx'rcle  bacillus  is  suit- 
able for  the  preparation  of  the  active  TR  extract.  Ho  has  convinced 
himself  that  the  tubercle  bacillus  is  more  variable  in  its  virulence 
than  has  l)een  heretofore  snjiposed.  Cidtures  kept  for  a  long  time 
in  the  laboratory  aud  grown  on  artificial  media  Jose  their  vindence  in 
jMirt.  F(tr  the  preparation  of  the  TR  extract  the  most  virulent  cul- 
tures should  lie  employed,  the  less  virulent  ones  furnishing  a  less 
active  or  wholly  inert  i)reparation.  The  cultures  must  not  be  too 
old,  in  fact,  they  must  Vie  used  in  as  early  a  stage  of  their  develoji- 
nieut  as  is  jwssiljle.  The  bacilli  nnist  I*  dried  in  vacuo.  Otherwise, 
the  substance  becomes  less  soluble  and  furnishes  a  less  active  prepa- 
ration. The  essential  constituent  of  TR  is  shown  to  lie  highly  sus- 
ceptible to  chemical  and  physical  influences.  The  jireparatiou  must 
1>e  carefully  excluded  from  light. 

Koch  cautitms  against  attemjits  to  pre[mre  these  extracts  on  a 
small  scale,  and  claims  that  they  shoukl  be  manufactured  only  in 
lalxiratories  specially  fitted  for  the  purj)ose.  C'ertainly  the  ])rocess 
of  rubbing  U|»  highly  virulent  tubercle  bacilli  to  a  dry  ]i<iwder  in  a 
mortar  is  not  to  1>e  regarded  as  altogether  free  from  danger.  Koch 
states  that  in  doing  this  himself  he  did  not  use  a  respirator,  but  that 
he  regards  the  preparation  as  scarcely  less  dangerous  than  that  of 
working  with  highly  explosive  material.  The  TR  extract  is  ]>re- 
served  by  the  addition  of  twenty  percent,  of  glycerin;  which  is  not 
enough  to  cause  the  preci])itatiiiii  of  its  active  cimstitueuts. 

The  ]>ractical  ap]dicatiou  of  this  jireparation  is  siniilnr  to  that  of 
the  original  tulterculin.  Injections  are  made  under  the  skin  of  the 
back  with  sterilized  syringes.  The  fluid  contains  in  eaili  cubic  cen- 
timetre 10  nigm.  of  solid  sulwtance,  and  when  used  it  is  diluted  with 
jihysiological  salt  solution  to  the  extent  desired.  Tlie  IwAgiiniing 
dose  is  0.05  mgm.  Only  in  exce]>tioual  cases  is  the  use  of  this 
amotmt  followed  by  reaction.  If  a  reaction  should  occur  a  smaller 
dose  is  employed.     Koch   repeats  the  injection  every  second  day, 
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gradnallT  increasiog  the  dose,  avoiding  elevation  of  temperatnrp. 
When  there  is  an  elevation  of  temperature  following  an  injection  snb- 
seqaent  treatment  most  be  delayed  nntil  the  normal  temperature  has 
been  regained.  Koch  states  that  as  a  role  he  has  increase<l  the  dost' 
of  TB  preparation  nntil  he  has  reached  20  mgm.  In  immonizinK 
animals  from  2  to  3  mgm.  is  used  as  a  beginning  dose  in  gninea-pigK; 
correspondingly  larger  amounts  for  other  animals.  In  animals  al- 
ready tuberculous  the  beginning  dose  must  be  smaller. 

Koch  states  that  by  proceeding  in  this  manner  he  has  succeeded 
in  rendering  a  large  number  of  guinea-pigs  wholly  immune  against 
inoculations  with  the  most  highly  virulent  cultures  of  the  bacillus. 
In  some  of  these  animals  there  was  no  reaction  at  the  point  of  injec- 
tion and  the  inguinal  glands  remained  wholly  unchanged  for  months. 
In  others  these  glands  were  slightly  enlarged,  but  were  found  not  to 
be  tuberculous.  Some  animals  at  the  time  of  inoculation  proved  not 
to  be  immune.  In  these  the  inguinal  glands  underwent  caseation. 
The  internal  organs,  however,  were  free  from  tuberculosis,  while  con- 
trol animals  showed  widely  diffused  general  tuberculosis  of  the  lungs, 
spleen,  and  liver.  In  other  animals  still  less  immune,  in(x>ulatioDs 
were  followed  by  tuberculosis  of  the  lungs,  while  the  liver  and  spleen 
showed  only  traces  of  the  disease. 

Tulierculous  guinea-pigs  treated  with  injections  of  the  TB  extract 
showed  \\-ithout  exception  more  or  less  marked  regressive  changes  iu 
the  tuberculous  areas.  For  instance,  in  the  liver  instead  of  nei'rotio 
areas,  one  would  ol>8er%'e  depressions  on  the  surface  which  were  so 
uuuiemus  iu  many  instances  as  to  make  the  surface  of  the  organ  very 
uneven.  In  the  spleen  contractures  were  observed,  and  in  some 
instances  these  involved  so  large  a  proi)ortion  of  the  organ  that  the 
part  reniaiuiug  was  very  small  compared  with  the  normal  size  of  this 
organ.  K<H'h  states  tliat  he  has  been  able  to  immunize  guinea-pigs 
witliiu  from  ouo  to  throe  weeks.  For  the  cure  of  tuberculous  guinea- 
pigs,  the  trcjitineut  must  l>e  begun  8CK)n  after  the  inoculation;  not 
lat«>r  tliaii  two  weeks.  He  also  holds  that  this  sultstance  will  l)e  of 
value  ill  tlie  treatment  of  the  early  stages  of  tuberculosis  in  man. 

This  i)roparati<>u  has  lieen  already  used  by  Koch  in  a  large 
nuinl)er  of  cases,  includiug  lujms  as  well  as  jmlmonary  tuberculosis. 
Ho  states  tliat  tliese  cases  have  lieen  markedly  improved  by  the  treat- 
ment. 

Whether  or  not  K<H"h  has  Huccee<led  at  last  in  securing  a  curative 
agent  for  tul)ercuh>si8,  it  must  l)e  admitted  that  his  work  is  of  the 
highest  Hcieutific  value  and  that  he  has  furnished  us  with  the  most 
exliaustive  research  yet  made  on  the  chemistry  of  the  tubercle 
Imk'IHus. 
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Crooksbauk  and  Herroim  some  years  ago  reported  the  isolatiou 
of  a  ptomam  and  an  albumin  not  only  from  artiticial  cultures  of  the 
bacillus  tuberculoaia,  but  also  from  the  tiasuea  of  tuberculous  cows. 
They  state  that  the  ptomam  thus  obtained  causes  an  elevation  of 

temperature  in  tuberculous  animals,  and  a  depression  in  healthy 
ones.  "  The  albumin,  whether  obtained  from  the  pure  cultivations  of 
the  bacilli  or  from  tuberculous  tisaue,  produced  a  marked  rise  of  tem- 
perature in  tuberculous  guinea-pigs.  Ou  the  other  hand,  in  an 
exi^erimeut  tried  on  a  healthy  guinea-pig  there  wan  an  eejually  well- 
marked  fall  of  temperature." 

Zuelzer  reported  the  isolation  of  a  poisouus  Ijiwe  from  the  cells 
of  the  baciUus  tulR^rculosis  taken  from  agar  cuitureH.  He  states 
that  1  cgm.  or  less  of  this  substance  injected  subcutaneous ly  iu 
rabbits  or  guinea-pigs  causes  after  from  three  to  five  minutes  in- 
creased fretpiency  of  respiration,  and  an  elevation  of  temperature 
from  CS"  t(»  1'  C.  He  also  reports  marked  protrusio  bulbi  as  a 
constant  symptom  of  the  action  of  this  substance.  He  states  that  the 
eyes  become  very  bright  and  that  the  i)upi]H  are  dilated.  A  doso  of 
from  2  to  3  cgm.  kills  rabbits,  death  occurring  in  from  two  to  four 
days  after  the  injection.  The  tissue  about  the  place  of  injcctinn  is 
reddened,  and  hemorrhagic  spijts  are  found  iuthe  lauicouH  nii'iiibrano 
of  the  stomach  and  small  intestine.  In  two  instances,  from  15  to 
20  c.c.  of  clear  fluid  were  found  in  the  peritoneal  cavity. 

Even  l>efore  KmOi  announced  thei  discovery  of  tuljerculin,  Ham- 
nierschlag  had  reported  the  presence  of  a  toxin  amt^ng  the  products 
of  the  growth  of  this  germ.  More  recently  he  has  interosteil  himself 
iu  an  analysis  of  the  cellular  substiiuce  of  the  bacillus  tuberculosis. 
He  finds  that  twenty -one  per  cent,  of  this  substance  ia  soluble  iu 
alcohol  and  in  ether.  Iu  these  extrm'ts  there  is,  in  addition  to  fat  and 
l(H>ithin,  a  poison  which  induces  ctiu\iilsionH  fnllowed  by  death,  in 
guinea-pigs  and  rabbits.  The  part  insolnble  iu  alcohol  and  ether 
consists  of  proteids  and  cellulose.  Thi^  suine  investigator  has  |ire- 
I«ired  from  cultures  of  this  bacillus  a  toxalliunnu  which,  wlieu  injected 
aulx'utaneously  iu  raVibits,  causes  an  elevation  of  temfjerature  of  from 
O.r  to0.2°C. 

The  physiological  action  of  tul>erculiu  is  so  pronounced,  and  at 
first  was  believed  to  be  so  markedly  Hiii  tjeneris,  that  it  astouislicd  the 
medical  w<jrld  and  led  to  the  ready  ai-ceptiiuce  of  the  Iwlief  that  iit 
last  a  positive  cure  for  tulKrcuIosis  had  been  discovered.  The  most 
characteristic  effects  of  tuberculin  are  as  follows : 

1.  Small  doses,  1  mgm.  or  even  less,  injected  snlM'ubuieously  in 
an  individual  snfFering  from  tuliercnlnsis  cause  a  marked  elevation 
of  temperature.     Similar  doses  iujet^ted  in  the  same  way  into  non- 
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tuberculous  persous  produce  no  appreciable  efifect,  and  persona  sick 
witli  other  diseases  than  tulierculoais  are  unafiFected  hy  small  doses. 
Here  then  is  a  body  that  has  a  specific  action,  a  chemical  substam* 
by  the  effects  nf  which  one  can  distinj^uish  a  tuberculous  from  a 
nou-tulwrt-ulous  individual.  If  all  cows  of  a  large  herd,  for  instance, 
1)6  treated  witli  tuberculin  and  the  record  of  the  temperature  be  made 
fur  tweuty-four  hoiu'.s  l>efore  and  for  the  same  time  after  the  treatment, 
it  will  be  foimd  that  in  Home  a  febrile  reaction — an  elevation  of  1"  or 
more  in  teniperatiure — occurs,  while  the  temjierature  of  the  others 
reiuaiiirt  unaffwtt'd.  If  all  these  animals  \te  kiDed  and  examined  it 
will  ])o  found  tliat  those  wliieh  manifested  the  febrile  reaction  are 
tuln^rculous,  while  those  which  failed  to  react  are  non-tuberculous. 
Koch  first  nmde  this  experiment  upon  tuberculous  and  non-tuber- 
fuk>UH  guinea-] )ins.  No  such  effect  had  ever  Inifore  lieeu  obtained  by 
the  employment  of  any  therapeutic  agent.  It  is  small  wonder  then 
that  K(K'li  and  his  co-hd Mirers  wore  surprised  with  the  results  ol>- 
Ht^rved,  and  ri'adily  ;icce]>tt'd  the  lielief  that  a  specific  cure  for  tuber- 
culosis Lad  been  found.  The  grounds  for  this  belief  were  strength- 
ened by  their  observation  of  the  additional  evidence  of  the  selective 
action  of  tulHTculiu. 

2.  Not  only  does  tulierculin  select  tuWrculous  individuals  by  its 
actinu,  lint  in  thi'  individual  it  selects,  for  the  demonstration  of  its 
jiiost  consjiiciiuns  I'tt'ccts,  tlie  exact  site  of  the  tulMTculous  lesion.  If 
a  man  who  has  a  lupus  on  liis  face  receive  a  tuberculin  injection  in 
the  back  or  in  any  other  portion  of  his  anatomy,  the  tissue  about  the 
ttipns  Hiuju  sliows  (ividence  of  stiinulation.  It  becomes  hypenemic, 
the  margins  of  the  sore  liegin  t*)  granulate,  and  if  the  treatment  be 
cnntiuufd  the  hi|ius  often  temporarily  heals.  It  is  now  known  tlnit 
a  imtiilicruf  otlii^r  sulistances,  among  whicli  we  may  specially  men- 
tiiiii  the  alliunioses,  have  a  simihir  selective  action  for  tuberculous 
arcjiH.  Biimrigartcu  sinus  up  his  (;x]>erinient,s  with  tulverculiu  on 
raliliits  as  fnllnws;  It  causes  an  exudative  intlamniatiou  in  the  vas- 
cular tissue  alxiut  the  tubercles.  In  tliis  way  the  tuljerculouB  tissue 
may  ho  isolated  and,  when  located  suiici-ticially,  removed.  In  some 
ca,scs,  however,  after  (lie  prolonged  eiupluyment  of  the  agent  the 
tnbercnliius  tissue  itself  ni.iy,  under  the  intlueuce  of  the  exutiative 
riuid  and  tlio  imlyuuclear  leucocytes,  break  down  and  form  abscesses. 

The  tubercle  bacilli  are  in  no  way  hurt  by  the  use  of  tuberculin, 
and  after  its  constant  emphiyment  for  innnths  in  fulierculoua  animals 
the  bacilli  retain  their  original  form  and  lose  none  of  their  vindence. 
Some  ex])eriineiits  seem  to  show  tiiat  the  bacilli  multiply  more 
rapidly  when  the  injections  are  made,  but  a  positive  statement  on 
this  point  is  reserved.     It  is  certain,  however,  that  the  non-tubercn- 
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lous  tissue  of  tbe  animal  acquires  no  immunity  against  the  disease. 
This  is  shown  hy  the  appearance  of  metastatic  foci  in  animals  in 
which  from  7  to  12  gm.  of  crude  tuberculin  have  beeu  injected.  It 
is  further  shown  by  the  fact  that  in  some  animals  treated  subcutaue- 
ously  tubercles  have  appeared  at  tlie  point  of  injection. 

Prudden  and  Hodeni)yl  reached  some  interesting  results  in  their 
exi)eriment8,  which  consisted  of  the  inoculation  of  animals  with  dead 
tuljercle  bacilli.  These  authors  make  the  following  statement: 
"These  deatl  tubercle  bacrilli  are  markedly'  chemotactic.  When  iutrn- 
duced  in  considerable  amount  into  the  subcutaneous  tissue  or  into  the 
jileural  or  abdominal  cavities  they  are  distinctly  jiyogenic,  causing 
aseptic  localized  suppuration.  Under  these  conditions  tlicy  are 
callable,  moreover,  of  stimidating  the  tissues  about  the  supiiurative 
foci  fo  the  development  of  a  new  tissue  closely  resembling  the 
difl"used  tuberculous  tissues  induced  by  the  living  germ.  Wa  hav(^ 
found  that  ilead  tubercle  bacilli  introduced  in  small  numbers  into  the 
blofxl-vessels  of  the  rabbit  largely  disiipjwiir  within  a  few  hours  or 
days,  but  that  scattering  individuals  nud  clusters  may  reiuain  here 
and  there  in  the  lungs  and  liver,  clingiug  to  the  vassel  walls  for  many 
dnys  without  inducing  any  marked  changes  in  the  latter.  After  h 
time,  however — earhest  in  the  lung,  hiter  as  a  nih<  in  the  liver— a  cell 
proliferation  occurs  in  the  vicinity  of  these  dead  germs  which  leads 
to  tlie  foiTuatiou  of  uew  multiple  nodular  structures,  lipariiig  a  strik- 
ing morphologicid  resemblance  t<j  miliary  tubercles.  Thcrti  in  in 
them,  however,  no  tendency  to  cheesy  degeneration  and  no  evidence 
of  proliferation  of  the  bacilli,  but  rather  a  steady  dimiuutiou  in  their 
number.  It  seems  to  us  that  the  new  structures  firigiuato  in  a  [iro- 
liferation  of  the  vascular  endothelium  under  the  stimulus  of  the  deail 
and  disintegrating  germs. " 

It  has  been  shown  by  Maffucci  and  others  that  when  iiniinals  are 
treated  repeatedly  with  cultures  of  the  tuljercle  bacillus  sterilized  liy 
repeated  heating  from  65''  to  70^  C.  there  results  a  ]>rogressive 
marasmus  which  terminates  fatally  within  from  fourteen  days  to  H\e  or 
six  months.  Maffucci  also  finds  that  eggs  inoculated  with  sterilized 
cultures  of  the  chicken  tulwrculosis  bsicillus  protluee  chicks  whifh 
are  feeble  and  soon  die  of  emaciation. 

Suppuration. 

In  1888  Leber  reported  that  he  hail  extracted  with  alcohol  fr<un 
dried  cultures  of  the  Hta])hyl(X!occus  a  substance  which  prf)ved  to  be 
marketlly  pyogenic.  From  this  extract  he  sultsec|uontly  obtained  a 
crystalline  body  to  which  he  gave  the  name  phlogosin.     This  sul> 
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stance  is  readily  soluble  iu  alcohol  and  ether,  sparingly  snlnble  in 
water,  and  it  ^rystiillizes  in  iieecUea.  With  moderate  heat  it  can  be 
sublimated,  leaving  no  residue,  and  the  sublimate  which  forms  in 
rosettes  still  jxissesses  pyoj^onic  jiroperties.  From  iis  solutions  thi« 
substance  is  preeiiiitated  by  alkalies  in  amorphoua  granules  which 
ilissolve  iu  acids,  forming  crystalline  salts. 

ChristmiiH  tiltori'd  bouillon  cultures  of  the  ityo^enic  c«x'ci  and 
precipitated  iu  the  tiltrute  with  alcohol  an  albuminoiw  substance 
which  when  administered  to  auinials  induced  eflfecta  similar  to  those 
caused  by  ]ihlngosiii.  Hoffa  obtained  the  jioisonous  sulietance  known 
as  methyl  guanidin  frma  tlie  bodies  of  rabbits  dead  of  septietemia. 
Brieger  and  Fnieuki'l  supersaturated  tiltered  cultures  of  the  staphylo- 
ctK'ciw  witli  amuioiiiuiii  sulphate,  removed  the  salt  by  dialysis,  and 
eva]>oniti'd  the  solutinu  of  the  toxin  at  40"  C  in  vacuo.  The  concen- 
trated solutiou  thus  nbtaiued  killed  animals  when  atlministered  sub- 
cutaneously  witliin  twenty-four  hours.  Ibidet  and  Courmont  found 
that  the  previous  treatment  of  animals  with  the  chemical  products  of 
the  8tap]iyl<x?occu8  rendered  them  more  siwceptible  to  intx^ulatiou 
with  the  germ,  lliev  furtiierniore  observed  that  the  kidney  lesions 
were  much  ujore  marked  wheu  tlie  inoculations  were  preceded  by 
injections  of  the  chemicul  poison.  By  treating  filtered  cidtnres  witli 
alciiliol  tliey  olitained  an  insoiulili'  bndy  with  wliich  they  immunized 
animals  to  the  germ,  while  a  substimce  soluble  iu  alcidiol  increased 
the  susceptibility  of  tlie  auinmls.  Douath  induced  fever  in  animals 
by  intravenous  injections  of  from  10  to  '10  c.c.  of  cultures  sterilized 
at  i)H  V.  Ferini  believes  that  tiie  pathogenic  properties  of  the 
sta[)]jy]f)coccus  are  due  to  the  acids  produced  by  it,  the  most  promi- 
nent of  wliicli  are  pro]>io!dc,  butyric,  luetic,  and  valerianic. 

Wnh"  liiis  made  a  series  of  experiiiieuts  more  interesting  iu  the 
suggestions  to  which  they  give  rise  thau  in  the  results  obtainetl.  He 
pliiced  rollndinii  sucks  filli'd  witli  cuitures  of  the  stajiliylococcus  in 
Ihe  alulominal  cavities  of  ralibits,  iiaving  iireviousjy  asceilained  that 
tho  soluble  products  would  diffuse  tlirough  the  collmliou  while  the 
germs  would  be  ret:iiued.  The  results  were  somewhat  coutradicbiry 
even  whim  the  .sacks  were  imt  brnkeu,  and  wlieu  their  contents  were 
found  to  bo  sterile,  lus  sometimes  happened,  staphylococci  were  found 
iu  the  |)eritoiiejd  cavity.  Wolf  suggests  tlmt  tliese  may  have  come 
fmni  tile  intestines.  This  suggestion  is  strengthened  iiy  the  fa<'t 
thiit  colon  germs  were  also  found  in  the  [leritoneal  cavity.  This 
tlieory  supposes  that  the  ilietiiical  poisiin  so  altei>i  the  jdiyaiological 
ctivity  of  the  intestinal  walls  that  Imcteria  piuss  from  the  lumen  of 
le  iuteHtiue  into  the  peritimeal  cavity, 

Marmorek  has  so  intensified  the  staphylococcus  by  carrying  it 
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tlirough  a  series  of  auimals  that  the  one  hnodred  millioutli  of  a  oiliir 
centimetre  of  a  culture  injected  sulicutaneously  iu  rahl)itH  caused 
death  within  thirty  hours.  He  has  ahio  rendered  uuimalH  iminuue 
to  this  germ  and  has  obtained  an  active  antituxiu.  This  autitosin 
has  l)een  used  to  some  extent  iu  tlie  treatment  of  septicaemias,  hut 
the  evidence  coucemin^;  its  value  is  at  present  too  limited  and  too 
contradictory  to  enable  us  to  reach  any  positive  conclusion  concern- 
ing its  value. 

The  possibility  of  converting  toxins  into  antitoxins  by  means  of 
electricity  lias  l>een  a  matter  of  experimentation.  Smimow  was  thu 
first,  I  believe,  to  try  to  cause  this  conversion.  Hn  used  thn  di|)li- 
theria  toxin  and  was  partially  successful.  He  explained  the  conver- 
sion as  due  to  changes  in  reaction  iu  the  fluid.  D.'Arsonval  and 
Charrin  and  Bolton  have  ex]>eriniented  alou^  this  lino,  also  with  i)ar- 
tial  succe.s.s.  Bonome  and  Viola  conclude  their  experiments  on  strep- 
tococcus toxin  with  the  following  couclusiouH  : 

1.  A  liigli  alternating  current  renders  the  most  viruli'ut  cultures  of 
the  streptococcus  harmless  without  i-haugiug  the  reaction  of  the  cul- 
ture or  affecting  the  form  of  the  germ. 

2.  This  action  fif  the  current  is  cimtiued  to  tlie  toxin.  T lie  germ 
when  transferred  to  other  tubes  grows  and  manifests  its  full  virulence. 

3.  The  toxin  is  transformed  intfi  antitoxin  analogous  to  that  of 
the  blood  .serum  of  immuni/ed  animals. 

4.  The  antitoxin  thus  formed  is  very  active,  and  will  neutralize  in 
vitro  ten  times  the  usual  fatal  dose  of  a  culture.  Howevei',  from  a 
recent  culture  only  a  small  amount  of  antittjxin  can  \h»  nbtained  be- 
cause such  cultures  contain  but  little  toxiti. 

5.  This  antitoxin  possesses  i>owerful  protective  and  riirati\i>  uctiou 
iigainst  streptococcus  infection. 

(i.  While  this  antitoxin  is  a  true  vai'cina  like  that  obtained  by 
heating  cultures  to  55°  to  (5(1",  it  is  not  witlumt  iujuriims  eft'ect,  and 
induces  iu  ral>bit*i  a  i)rogressive  marasmus  preceded  by  an  elevati(m 
of  temiwrature. 

7.  This  antitoxin  has  the  property  of  developing  iu  ralibits  sub- 
stiinces  which  destroy  the  germ.  In  vilm  it  leads  to  degenerative 
changes  iu  the  germ  cells.     These  changes,  however,  proceeil  slowlv. 

The  presence  of  pyogenic  subst-ances  in  the  cells  of  many  viirii'- 
ties  of  bacteria  has  l>een  deraonstrateil  l>y  Buchuor.  The  aiuount  of 
these  Buljstances  varies  with  the  kind  of  germ,  and  some  s]>erii'H  seem 
to  contain  no  such  Iwdies.  The  bacillus  ])yocyaneus  contains  a  large 
quantity  of  a  pyogenic  jiroteid.  This  can  be  prepared  iis  follows: 
The  germs  are  taken  from  [>otato  cultures  and  ndibed  up  with  watei-. 
Then  they  are  treated  with  about  fifty  volumes  of  a  0.5-per-cent.  solu- 
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iiou  of  caustic  potash.  lu  the  cold  tills  forum  a  mucilagiuoos  mass 
wliicli  disaolves  at  the  temperature  of  tlie  water-bath.  After  being 
heated  for  some  hours  the  fluid  is  filtered  through  a  number  of  fil- 
ters ;  the  first  portions  should  Iw  refiltered.  The  filtrate  is  a  greeJi- 
ish  fliiid  and  by  the  cjirefid  addition  of  acetic  or  hydrochloric  acid 
to  this  a  vohnuiuous  precipitate  is  obtained.  This  precipitate  shoiilil 
be  collected  im  a  filt«r,  washed  with  wat«r,  then  8U8i>endetl  in  water, 
and  a  few  drops  of  the  sixla  solution  added,  when  a  dark-brown  fluid 
with  a  tendency  to  gelatinize  in  the  cold,  containing  ab<jut  ten  per 
cent,  of  tlie  proteid,  is  obtjiined. 

Buchuer  tested  tlie  )w;tiou  of  this  pr()t<>id  ui)on  himself.  One 
cubic  centimetre  of  a  very  ililute  solution  containing  3.5  mgm.  of  the 
solid  protf'id  was  injected  under  tlie  skin  of  the  forearm  with  anti- 
septic prccimtious.  Two  hours  later  there  was  marked  |«iiu  along 
the  lym])hutics,  esjmcially  localized  about  the  cIIhiw  and  axilla.  The 
tr-mperaturo  at  tliis  time  .showed  no  marked  elevation.  On  the  fol- 
lowing day  there  was  a  marked  erysipelatous  redness  with  some 
swelling  extending  for  some  inches  about  the  jilace  of  injectiou,  and 
acconi|>auicd  by  severe  jiain.  The  inflamed  area  felt  hot  and  pro- 
jected distinctly  above  the  suiTouuding  surface.  The  lymphatic*  of 
the  arm  apjteared  like  red  cords.  On  the  tliird  day  the  swelling  and 
redness  wei'e  more  marked  and  extended  from  the  wrist  to  the  elbow. 
On  the  fourth  (lay  the  syujiitoms  began  to  recede.  Buchuer  claims 
that  all  the  cardinal  symi>ttims  f>f  inflammation — rubor,  calor,  dolor, 
tnninr— were  present  and  that  these  could  not  lie  jiroduced  without 
involvement  of  the  solid  tissues. 

Nanntitti  tn^ated  animals  ^nth  sterilized  pus  and  reached  the  fol- 
lowing conclusions : 

1.  Sterilizetl  pus  has  subtantialiy  the  same  toxic  jirojierties  aa 
liave  sterilized  cultures  of  the  stai>hylficoccus. 

2.  Eepeab'd  injections  of  sterilized  j)ns  induce  chronic  intoxica- 
tion and  marasmus. 

3.  Injections  under  the  skin  cause  a  specially  grave  form  of  jjoi- 
soning. 

4.  The  symptoms  and  ]iathological  lesions  canse<l  by  these  injec- 
tions rorrcs|ioud  with  those  observed  in  men  sufl'eriug  from  chronic 
sn|ipuration. 

Hon  ("iioT.rrtA. 

Tn  pure  cultures  of  this  bacillus  Novy  found  a  poisonous  base 
whicli  probably  has  the  comiiositiou  C,„H„N,,,  and  to  winch  he  has 
provisionally  given  the  name  susotoxin.  One  linndred  milligrams 
of  the  hydrochloride  of  this  base  produced  in  white  rats  convulsive 
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tremors  and  death  within  one  and  one-half  hours.  Section  shows  the 
heart  in  diastole,  the  lungs  pale,  the  stomach  contracted,  a  serous 
effusion  in  the  thoracic  cavity,  and  the  subcutaneous  tissue  pale  and 
ttdematous.  Novy  has  also  obtained  a  iioisonous  proteid  or  toxin 
from  cultures  of  this  bacillus.  The  following  experiments  illustrate 
the  effects  obtained  by  this  body :  100,  50,  and  25  uiym.  resitectively 
were  injected  into  three  young  rats  from  the  same  litter.  The  one  re- 
ceiviu(<  100  mgm.  soon  began  to  crawl  about  on  its  belly,  1>eiDg  unable 
t<>  rise.  The  eyes  were  filled  with  a  thick  secretion  and  the  toen  be- 
came red.  Finally  it  became  quiet,  lying  on  its  Ijelly  with  feet  ex- 
tended. The  resinrations  became  deeper  and  a  coma-like  couditiDu 
set  in.  The  Jinimal  died  without  convulsions  within  about  three  hours. 
The  auimul  that  received  50  mgm.  presented  the  same  syni]>toms 
and  death  resulted  in  four  hours.  The  one  which  received  25  mgm. 
Ivecame  very  sick,  bnt  finally  recovered,  and  a  week  later  it  was  given 
another  injection  of  SiO  mgm.,  which  produced  scarcely  any  efl'ect. 
Then  it  was  treated  at  intervals  of  five,  three,  five,  two,  and  frmr  days 
re8i>ectively  with  40, 50,  75, 100,  and  125  mgm.  without  effect.  Three 
days  after  the  last  injection  the  animal  was  inoculated  with  1  c.c.  of 
the  l»uillou  culture  of  the  highly  virulent  germ.  Only  a  slight 
temporary  effect  was  observed  during  the  first  day,  after  which 
recovery  was  complete  and  permanent.  A  control  rat  to  which  was 
given  the  same  (piautity  of  the  culture  sickened  the  next  day  and 
dietl  oue  week  later. 

From  cultures  of  the  same  bacillus  de  Schweiuits!  has  rej)orted  the 
separation  of  a  slightly  jioisouous  base  and  a  [inisouons  jn'otoid. 
Tlte  proteid  body  is  classed  by  this  author  among  the  albumosos,  and 
is  said  to  crystjiUize  iu  white  translucent  jilatcs  when  dried  in  vacuo 
over  sul]»hnric  at^id,  and  to  fonu  needle-like  crystals  with  platinutn 
chloride.  This  is  interesting  in  view  nf  the  fact  that  no  one  else  has 
reported  a  crystalline  bacterial  proteid.  The  same  author  re]Ku-tH  the 
isolation  of  a  soluble  ferment  from  cultures  of  the  liog-cholera  genu, 
and  states  that  injections  of  these  soluble  ferments  confer  inimnuity. 

Glandebs. 

The  toxin  of  this  disease  is  contained  in  the  Imcterial  cell  timl  is 
known  as  mallein  or  morvin.  Sterilized  cultures  of  the  glaudrrs 
IjacilluB  containing  the  toxin  are  now  used  for  Hie  purjiose  of  diag- 
nosing the  disease  in  horees  iu  the  same  way  that  tu1>erculiu  is  em- 
ployed to  detect  tulierculosis  in  cows.  The  subcutaneous  injection  of 
small  quantities  of  mallein  causes  a  more  marked  elevation  of  tem- 
perature in  glandered  horses  than  it  does  iu  healthy  ones.     It  has 
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beeu  sbown  by  the  researches  of  Schattenfroh  that  there  is  nothing 
specific  in  this  action  of  malleui,  inasmuch  as  the  same  effect  is  pro- 
duced in  glaudered  horses  by  the  injection  of  toxins  obtained  from 
other  bacteria.  There  are  numerous  methods  of  preparing  com- 
mercial mnllem ;  one  of  these  is  as  follows :  Growths  of  the  glanders 
biu-illus  from  U-'u  to  fourteen  davH  old  on  potatcjes  are  removed  with  a 
st<'rili/cd  Hjiutiilu,  and  nibbed  up  with  sterilized  wat«^r  in  the  propor- 
tion of  one  part  of  the  moist  bacilli  to  nine  parts  of  water.  Tina 
emulsion  is  allowed  to  staud  for  twenty-four  hours,  then  heated  to 
110°  tl.  for  five  niinuten ;  next  it  is  filtered  through  porcehun,  thirty 
per  cent,  of  glycerin  is  added,  and  it  is  concentrated  at  a  low  tempera- 
ture on  the  water-bath  to  oue-eightli  of  its  original  volume.  This  is 
again  sterilized  at  lit)''  C  Tlie  preparation  is  now  ready  for  use,  and 
consists  of  a  clear,  yellowish,  odorless  fluid  of  feebly  acid  or  neutral 
i-eacticm.  It  is  unnecessar.v  to  state  that  this  preparation  contains 
numerous  substauces.  Kressliug  found  in  it  peptones,  globulins, 
xauthiu,  guaniu,  small  (luantities  of  tyrosiu  and  leucin,  and  traces  of 
volatile  fatty  acids  and  ammonia. 

Rabbit  SEiTiciiMu. 

Hofifa  has  isolated  from  the  bodies  of  rabbits  dead  from  this  dis- 
f'usie  mi'th\]  guiiiiidiii,  while  in  tlie  bodies  of  healthy  rabliits  this 
lioisuu  could  lint  iie  found.  The  fatjd  dose  of  methyl  guauidiu  for 
rabbits  is  about  0.2  gm  when  given  subcutaneously.  There  is  some 
ri'iisnu  for  Ivelieviiig  tliat  methyl  guanidin  is  jirodueed  by  the 
l>iu-i]lus  of  I'liickfii  clioh'ra  also;  in  fact,  as  Hueppe  has  suggeste<l, 
thi<  bacterium  of  chicken  i-holera  is  ]>robably  identical  with  that  of 
rabbit  scpticiemia. 

M.tLiQNAKT  (Edema. 

Kerry  has  found  in  cultures  of  the  Vmcillus  of  this  disease  a  foul- 
snielliug,  oily  substance  of  the  composition  C,H,,0,.  This  oil  ia 
insoluble  in  water,  alkalies,  and  acids;  easily  soluble  in  ether,  benzol, 
liisul)>lii(liJ  of  carliou,  and  alcohol.  No  experiments  have  been  made 
with  it  ujion  animals  and  cduseiiueutly  there  is  no  proof  that  it  ia 
[KMsonous. 

LEUCOMAINS. 

X  leucnmain  may  be  defined  iis  a  basic  flubstance  originating  in 
tin-  metabolic  processes  taking  ]>]ace  in  the  auimal  body.  Leuco- 
iiKiVus  closely  resend)le  the  vegetable  alkaloids,  and  many  of  them  are 
found  in  jilauts  as  well  as  in  animals.     For  instance,  vegetable  tisaues 
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are  kDown  to  contain  such  bases  as  xautliin,  hypoxaDtbin,  and  certaiu 
other  subetancea  closely  relatetl  to  these,  as  caffeine  and  theobromine. 
In  both  plants  and  animals  these  ba.sic  substances  originate  in  similar 
bodies,  as  nuclein  and  lecithin.  It  is  cjuite  impossible  to  draw  a 
sharp  line  of  distinction  between  those  substances  which  result  from 
the  a4.-tivity  of  the  cells  of  various  organs  of  the  body,  and  those 
which  may  be  formed  by  bacterial  ad^ency  in  the  intestines  and  tlieu 
be  alifiorbed  into  the  blood  and  eliminated  in  the  urine.  In  fai't,  Kome 
physiological  chemists  have  suyyested  that  many  of  these  Iwsic  bodies 
are  bacterial  products  formed  in  the  intestine,  absorbed,  and  elimi- 
nated, as  suggested  above.  That  there  are  ])tomaius  which  nrigiuiite 
in  this  way  can  no  longer  Im  dimbted.  The  researches  of  Biiumanu 
and  Udransky  have  demonstrated  that  the  cadaveriu  ami  iiutresciu 
which  occur  in  the  urine  in  cystiuuria  are  formed  by  bacterial  jiroi'- 
e.sses  in  the  intestiuid  tract.  The  same  is  true  of  altaptou,  whicjj 
probably  is  formed  by  the  action  of  bacteria  on  ty rosin.  Undoubt- 
edly phenol,  skatol,  and  indol  orij;inate  in  the  intestines  aud  are 
due  to  iMicterial  fermentation.  However,  an  eudeavnr  will  be  mudi' 
in  this  paper  to  confine  the  discussion  to  the  time  lencomaiiis  which, 
as  has  l>een  stated,  originate  in  tlie  metabolism  nf  the  auimal  cell 
itself. 

The  leucomains  are  naturally  divided  iuto  two  ilistinct  and  well- 
deiined  groups.  These  are  (1)  the  uric-acid  grouji,  nnd  ('2)  the 
kreatiuin  group.  We  will  now  ]>roceed  to  a  discussion  of  the  ninrc 
important  members  of  the  first  of  these  grouifs. 

LeucomaJns  of  the  Uric-Acid  Gnoitp. 

Adenin,  C\H^X^. — This  is  the  least  complex  of  the  uric-acid  group 
of  leucomains.  As  is  seen  from  its  formula,  it  is  a  jiolymer  of  hydrcj- 
cyanic  acid.  This  view  of  its  chemical  coustitntiou  is  confirmed  by 
the  fact  that  ou  beiug  heated  with  jiotussiuni  liydrute  tu  2<K) '  C.  it 
yields  jnitassium  cyanide.  Under  the  influence  of  reducing  agents  it 
is  converted  into  a  substance  similar  to,  possibly  identical  with, 
azuhnic  acid.  Adenin  has  not  been  ])repared  synthetically,  altliough 
Gautier  has  claimed  to  have  synthesized  two  closely  allied  liodies, 
xanthiu  and  methyl  xauthiu,  by  heating  hydrocyanic  acid  in  sealed 
tul)es  in  contact  with  water  aud  acetic  acid.  Adenin  was  discovered 
by  Kossel  in  188ij.  It  was  first  ])repared  from  pancreatic  glands.  It 
has  been  shown  to  occur  together  witli  guanin,  hyjioxauthiu,  aud 
other  raeml>ers  of  this  group  as  a  decom]>ositiou  product  of  nuclciu, 
and  it  may  be  obtained  from  all  ti.ssues,  animal  or  vegetable,  wliich 
are  rich  in  iiucleiuic  acid.     The  thymus  gland  is  especially  rich  in 
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this  base  and  faruishes  probably  the  best  source  for  its  preparation. 
In  fact,  the  uucleinic  acid  from  this  gland  yields  only  adeuiii  and  no 
xauthin.  Adeuiu  has  l«en  obtained  from  the  urine  of  leucocythiemic 
patients,  and  iilso  from  the  liver  of  such  a  patient  after  death.  Since 
this  disease  is  characterized  by  the  presence  of  an  unusnaUy  large 
numlier  fif  nucleated  white  blood  coj-puscles  it  is  easily  seen  that  these 
constitute  a  source  for  this  base.  It  does  not  occur  at  all  or  is 
present  oul>'  iu  minute  traces  in  meat  extracts.  This  is  explained  by 
the  fact  that  uuiscular  tissue  is  very  poor  in  nucleated  cells,  and  con- 
sequently contains  a  very  small  amount  of  uuclein.  In  fact,  it  is 
altogether  probable  tfiat  the  greater  part  of  the  xanthin  bases  found 
ill  muscle  tissues  do  not  ori^jiuate  iu  muscle  cells,  but  owe  their  ]>re8- 
euce  iu  this  tissue  to  blond  and  lymjih. 

There  can  1)6  but  little  doubt  that  adenin  is  intimately  con- 
cermnl  in  the  ]ihysiolo^,'ical  function  of  the  cell  nucleus.  In  the 
nucleus  atleuin  does  not  exist  iu  the  free  state,  and  probably  re- 
sults only  as  a  decompositiou  ]>roduct  of  the  uucleiu.  Nnclein, 
wJiich  must  bo  re^^arded  as  the  parent  substance  of  adenin  and 
Kuaiiin,  is  the  best  known  aud  evidently  the  most  important  con- 
stituent of  the  nucleus,  aud  as  such  it  has  been  credited  with  a 
direct  rehitiou  to  the  reiirnductivo  jiowera  of  the  cell.  It  is  gener- 
ally re^jarded  as  au  established  fact  that  non-nucleated  cells  are 
incapable  of  re|)roduction.  Lillieufeld  has  made  the  most  exhaus- 
tive study  of  the  chemistry  of  the  leuccx^vtes,  and  iu  this  he  has 
shown  that  these  contain  a  coraple.x  body  to  which  he  has  Riven  the 
name  uiiclonhistou.  This  substance  may  lie  decomiwsed  by  fu-ida 
into  histim  aud  leucouucleiu.  The  latter,  upon  l>ein^  further  treated 
with  miuerul  acids,  yields  albumin  and  uucleinic  (vcid,  and  the 
uucleinic  acid  can  be  broken  up  into  ]>hosphoric  acid,  uuclein  l>ases, 
aud  uuknowii  substances.  Nucleiuic  acids  from  different  sources 
differ  iu  the  kind  aud  amount  of  uuclein  bases  which  they  maj'  yield. 
For  instance,  tJie  uucleinic  acid  obtained  from  the  thymus  gland 
yields  only  adeniu,  aud  fortius  rejuson  it  is  sometimes  called  adenyUc 
aciil.  Some  vegetable  substances  yield  considerable  amounts  of 
adenin  ;  for  instance,  extract  of  tea  leaves  may  yield  from  3  to  6  gm. 
of  this  base  per  litre.  When  obtained  from  impure  solutions  adenin 
ajipears  either  as  an  amorjihous  substance  iu  pearly  plates,  or  in 
very  small  microscopic  needles.  From  ]Hire  solutions  it  separates 
in  ueedle-shajied  crystals  which  cnntaiu  three  mtdecules  of  water. 
The  water  of  crystallization  is  given  off  on  exposiire  to  the  air  or  on 
beating  to  53'  C.  Wlieu  this  water  is  driven  off  the  crystals  become 
opaque.  On  the  addition  of  ammonia  to  an  aqueous  aolutioTi  of  the 
liydrochloride  of  adeuiu  the  base  is  precipitated  in  an  anhydroua 
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form,  appearing  as  small  wLetetoue-sbajwil  crystals,  and  these  wheu 
recrj'stallized  from  hot  water  form  f(jur-aided  prisms.  Adeixin  is 
very  sparingly  soluble  in  cold  water,  more  readily  soluble  in  hot 
water,  c^y8talliziu^;  from  the  latter  on  cooling.  Its  mjupous  solutiim 
is  neutral  in  reiu'tion.  Tlie  free  biiso  is  insoluble  in  alcohol,  cldorcv 
form,  and  ether,  soluble  in  glacial  acetic  acid,  and  Hli^htly  soluble  in 
hot  alcohol.  Wheu  treated  with  dilute  miupral  acids  it  dissolves 
rMidily,  forming  pjusily  crystallizable  salts.  It  is  rpadiiy  sohilile  in 
the  fixed  alkalies,  but  on  neutralization  of  these  solutions  it  is  repre- 
cipitated,  appearing  in  large  anhydrous  crystals.  Adeuiu  can  be 
heated  tt>  278  V.  without  melting,  but  at  this  tiMupcrature  it  becomes 
slightly  yellow  and  yields  a  white  sublimate  Pm-e  adenin  does  not 
give  the  so-called  xanthin  reaction.  That  is  to  say,  when  a  solution 
of  lulenin  is  evaptmited  on  the  water-bath  with  nitric  acid  it  gives  a 
w  bite  residue  which  fails  to  give  any  coloration  on  the  subseipieut 
addition  nf  ammonia.  It  also  fails  to  give  Weidel's  react ion^/.c, 
on  beiug  heated  witli  fresh  chlorine  water  and  a  trar(>  of  nitric  acid 
as  long  as  gas  is  given  off,  then  evaporating  on  tlie  vater-lMith  and 
exposure  of  the  residue  to  an  anmioniacal  ahnos)ihere,  it  dues  not 
give  the  coh)ratiou  cliaracteristic  of  this  reaction.  On  tiie  additimi 
of  ferric  chloride  to  an  a<iueous  solution  of  adenin  an  intense  reii 
color  not  affected  liy  heating  is  produced.  Cojiper  sulphatcA  foniih 
with  solutions  of  adenin  an  amoridious  grayisli-lihie  precipitate  wliieli 
is  easily  soluble  in  dilute  acids  and  ammonia.  Tiie  readiness  «itli 
whicli  adenin  may  l>e  transformed  into  other  xanthin  bases  is  shown 
by  the  faet  that  iu  its  estracHi>n  fr<^nl  tea  leaves,  after  tlie  removal  of 
caffeine,  if  urea  lie  not  added  to  the  nitric  acid  used,  nearly  one-iitdf 
f>f  the  adenin  may  l>e  convert^jd  into  hypoxanthin.  Many  bacteria 
are  capable  of  converting  adenin  into  hypoxanthin.  .V  similar  chrMige 
takes  jilace  rapiiUy  iu  the  ])ancreas  after  death.  In  fact,  adenin  nn- 
dergrjes  decomposition  of  this  kin<l  nnich  more  rapidly  than  other 
xauthin  bases.  Adeuiu  and  guanin  aro  regarded  ;is  tin-  antecedents 
not  only  of  hypoxanthin  and  xauthin,  but  also  of  intermediate  iimd- 
uct'*,  which  wheu  formed  iu  tlie  cell  may  give  rise  to  im]><irt,int 
chemical  processes,  especially  fiiose  of  a  synthetic  nature. 

Numerous  compounds  of  atlenin  hn\p  been  produced  artificially 
and  thoroughly  studied,  but  dcscrijitions  of  these  would  h;irdl>  be  in 
place  in  this  i)aper.  But  little  is  known  ccnicerning  the  ]ihysiologicaI 
action  of  this  base.  When  given  in  very  large  doses  it  is  ]if>isouou8, 
and  is  eliminated  at  least  in  i>art  in  the  urine  unchanged. 

ni//K)xaiithi)i,  (J.H^N.O. — This  base,  once  known  as  sarkiu,  was 
discovered  by  Scherer  iu  1850  in  the  ])ul]>  of  the  sjileen,  and  also 
found  in  the  muscles  of  the  heart.  The  name  hypoxanthin  was 
Vol.  XllL— U 
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^iven  to  it  because  it  coutaiiis  one  atom  of  oxygen  less  tbau  xanthin. 
Like  adenin,  it  may  be  obtaiiieil  from  nearly  all  of  the  aiiimal  tissues 
which  are  rich  in  nucleated  cells.  It  Las  been  found  in  the  blood 
after  death,  but  not  in  that  drawn  from  the  blood-vessels  during  life, 
exfppt  in  ]iathologioal  c<>n<litiouH.  However,  failure  to  find  it  in  the 
blood  of  the  liviuf^  animal  ia  probably  due  to  ita  jireseuce  in  this 
Huid  ill  very  minute  <iuantity,  because  it  is  known  tn  be  a  normal 
constituput  of  the  uriue.  lu  the  blood  and  in  the  urine  of  leucocy- 
thft^mic  patients  it  is  ])resent  in  abnormally  lai^e  amount.  Very 
rarely  hyjxixanthin  forms  a  deposit  in  the  uriue,  find  in  these  cases 
it  is  easily  confounded  with  uric  acid  on  account  of  its  crystaUiue 
shape.  Thudic'hum  ha-s  obtained  it  from  the  urine  of  jiersons  sick 
witli  various  stnictural  diseases  of  tlie  liver  and  kidney.  It  han  been 
found  along  with  uric  acid  in  various  exudates  and  ti-ansudates.  It 
has  also  been  obtained  from  the  brain,  from  muscle,  from  the  marrow 
of  bones,  from  the  kidney,  heart,  sjileou,  and  liver.  It  is  found  in 
considerabk'  (]uantity  in  the  s];awn  of  salmon,  in  the  testicles  of  the 
bull,  in  the  uucleiu  of  pus,  and  traces  of  it  in  red  blood  corpuscles. 
It  Idls  also  been  foniid  in  the  iiolleu  of  various  plants,  in  the  seed  of 
black  ])ej>[)er,  in  oats,  whi'at,  jiotatoes,  and  in  yeast.  Denmut  has 
shown  it  to  be  relatively  abundant  in  the  muscles  of  pigeons  in  a  state 
of  iuaiiitiou,  whiln  in  tlic  muscles  of  well-fed  jdgeons  it  is  said  to  l>e 
wanting.  Sahimon  foimd  both  hypoxanthiu  and  xauthin  in  the  coty- 
ledons of  hiiiine  and  in  the  sjmmtw  of  malt.  It  (Xicurs  along  witli 
adenin,  xantliiii,  find  theophyllin  in  tea  loaves.  It  is  jxissible  that 
its  iiresence  in  some  of  these  snbstauces  may  result  from  the  oxida- 
tion of  adenin.  It  will  be  seen  fi'om  the  above  that  this  is  a  widely 
distributed  base,  in  fact  it  may  l)e  fonml  in  any  cells  containing 
nnclein,  eitlier  as  preexisting  in  such  cells  or  a.s  formed  from  the 
oxidati(m  of  adenin.  It  Inis  been  sliowu  that  fresh  eggs  yield  a 
smaller  qiijuitity  of  this  base  and  of  other  xuiithin  Iwises  than  do  those 
eggs  in  which  the  embryo  )ias  began  to  develoj>.  This  is  due  to  a  very 
imjtortaut  fact  observed  by  Kossel,  tliat  the  nuelein  of  nudevelopeil 
eggs  differs  from  the  nneleiu  of  cell  nnclei.  While  the  nudein  from 
cell  nuclei  decomposes  into  xanthin  liases,  that  from  undeveloped  eggs 
yields  !iu  nitrogen  biises  un  trejttment  with  jvcids.  As  the  egg 
develofis  the  micleafed  cells  increase  iu  numlier,  and  consequently 
the  (>mbryo  chick  yielils  the  xanthiu  liases.  The  hyi>oxanthiu  which 
is  found  in  muscle  api)ears  to  exist  in  a  jireformed  state,  and  can  be 
extrfu'tod  from  this  tissue  by  water.  When  ;i  mixture  of  gnanin, 
xanthin,  aixl  hypoxanthin  is  allowed  to  jintrify  the.se  bases  disajipear 
in  the  order  uanied.  In  othei-  winds,  hy]ioxauthin  resists  bacterijil 
action  longer  than  guauin  and  xanthin.      When  luleniu  undergoes 
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patrefaction  in  the  absence  of  air  it  is  convertetl  into  bvpoxanthin, 
and  gnanin  under  similar  couditions  is  ebiinged  into  xautbiu.  In 
these  conversions  an  imido  group  is  replaced  by  oxygen,  and  the  iniido 
RTOup  probably  goes  to  form  urea.  This  is  an  important  fact,  since 
the  process  of  i>utrefactiou  is  in  eerttviu  respects  analogous  to  some 
of  the  A-Jtal  processes,  and  similar  chemical  changes  may  take  place 
iu  animal  organs.  Hyjioxauthin  may  be  obtainetl  from  adenin  by 
tlie  action  of  nitrouB  acid.  The  relation  of  hypnxautliin  t*)  uric  acid 
luis  been  shnv.n  by  Kruger,  who  demonstrated  that  the  constitution  of 
hypoxanthin  is  closely  connected  with  that  of  uric  acid.  Fisher 
demonstrated  the  relation  of  uric  acid  to  the  XfUithin  bases  by  chang- 
ing brom-theobromine  into  a  iiric-acid  derivative.  UTieu  adminis- 
tered to  animals  hypoxanthin  is  oxidized,  lirst  to  xauthin,  and  then 
to  uric  acid. 

Hyiioxantliin  is  a  white,  colorless,  generally  amorphous,  though 
sometimes  crystalline,  powder.  It  is  sciluble  iu  about  three  hundred 
part.H  of  cold  water.  It  is  more  easily  soluble  in  boiling  water,  and 
iiu  cfKjliug  it  crystallizes.  Its  solubility  iu  cold  alcohol  is  very 
slight.  With  acida  and  alkalies  it  easily  passes  into  solution  without 
decomjiosition,  and  from  tlie  latter  solutions  it  can  be  [irecipitated  by 
treatment  with  a  current  of  carbonic-acid  gas  or  by  the  addition  of 
acetic  acid.  Its  aqueous  solutions  are  ueuti-al  in  reaction.  This 
base  can  be  heated  to  150''  C  without  decomiiosition,  but  above  this 
tem|)erature  it  sublimates  and  partially  decomposes  witJi  the  evuhi- 
tion  of  hydrocyanic  acid.  When  heated  with  imtii-ssium  hydrate  to 
'iW  it  forms  ]>ota8Hinm  cyanide  and  ammonia.  AVheu  heated  to  the 
same  temperature  with  water  it  decomjioses  into  carljonic  acid. 
formic  acid,  and  ammonia.  When  evaporated  with  an  oxidizing 
agent,  such  as  chlorine  water  and  nitric  acid,  the  residue  gives,  on 
l»eing  brought  in  contact  with  the  vapor  of  ammonia,  a  rose-red  solu- 
tion. However,  Kossel  claims  that  this  is  due  to  the  jiresence  of 
xanthin  and  that  ]»ure  hypoxanthin  does  unt  give  this  test.  With 
acids  it  forms  crystalline  compounds,  and  like  tlie  amido-acids  it  also 
forms  compounds  with  bases  and  with  certain  metallic  salts,  such  as 
silver  nitrate  and  copper  acetate. 

In  doses  of  100  mgm.  administere<l  to  frogs,  it  causes  increased 
reflex  excitability  and  convulsive  seizures.  It  is  slow  in  its  action, 
recjuiring  from  six  to  twenty-fmir  hnurs  t-o  ]>niduce  the  above-men- 
tioned effects.  Our  hundred  milligraujs  may  junve  fatal  to  frogs. 
When  injected  subcutaneously  into  hepatotoraized  geese  or  when  fed 
to  chickens,  it  increases  the  amount  of  uric  iicid  eliniiuiitcd  in  the 
urine.  This  conversion  is  analogous  to  that  observed  liy  Stadthageu 
in  the  case  of  guanin,  and  further  demimstrates  that  in  the  xanthin 
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bodies  we  have  antecedents  of  uric  acid  apart  from  the  synthesis  of 
the  latter  from  ammonia  iu  the  liver.  The  process  by  which  this 
change  is  induced  is  uu(loubted]\'  one  of  oxidation. 

Guanin,  6V//,A',0.  — This  base  was  discovered  iu  1844  by  Unger 
in  f;uano.  It  is  au  interesting  fact  that  guano  yields  varying 
(juaiitities  of  this  substance,  according  to  the  region  from  which 
it  comes.  Thus,  Peruvian  guano  contains  the  largest  proportion, 
and  on  tbat  accuuut  this  variety  is  employed  when  it  is  desired  to 
prepare  guauiu.  Siuce  its  discovery,  guaniu  has  been  found  in  ft 
larg(i  number  of  tissues,  l>oth  animal  and  vegetable.  It  has  been 
f<mn<l  iu  the  liver,  ]>aucreas,  lungs,  retina,  in  the  thymus  gland  of 
the  calf,  and  iu  the  testicles  of  the  bull ;  also  in  the  scales  of  certain 
fish  uud  iu  the  exeremeut  of  birds  aud  of  insects.  It  has  also  been 
found  iu  the  spawn  aud  testicles  of  tlie  salmon,  in  the  young  leaves  of 
vines,  aud  iu  grass,  clover,  aud  oats,  as  well  as  in  the  pollen  of  various 
plants.  It  1ms  been  isolatod  from  yejist  which  has  been  allowed  to 
stand  in  contact  with  water  for  some  time  at  the  bcnly  temperature. 
Pathologically  it  occurs  iu  the  muscles,  ligaments,  and  joints  of  hogs 
suffering  fnun  the  disease  known  as  guanin  gout.  Normally  it  is 
present  iu  cell  tissue  only  iu  traces.  It«  presence  in  thenriue  of  man 
lias  never  been  satisfactorily  demonstrated,  although  it  has  l»een 
reported,  Vmt  it  is  possible  that  in  these  instances  xauthin  has  lieeu 
mistiiken  fnr  guanin.  It  has  been  found  iu  considerable  amount  in 
certain  exudates  and  transudates.  In  some  of  the  lower  animals 
guanin  is  tci  I >n  regarded  as  a  ncjrmsd  product  of  metaliolism,  inas- 
much as  it  is  excreted  in  the  urine.  Our  knowledge  as  to  the  origin 
of  this  and  other  allied  bases  is  largely  dependent  upon  the  brilliant 
researches  of  Kossel  aud  liis  )m]pils,  who  have  shown  that  nuclein  is 
an  essential  cimstituent  of  all  niu'leated  cells,  whether  animal  or  vege- 
table, and  that  uuch>in  under  the  inHueiice  of  water  or  dilute  acid 
decomposes  into  adonin,  guanin,  liypoxiinthin,  and  xauthin.  We 
Iiave  also  learned  that  the  tii-st  two  of  the  alKive-meutioned  bases  are 
readily  converted  by  the  action  tif  nitiTms  acid  into  the  other  two, 
that  is  to  say,  an  NH-grouii  iu  these  bases  is  replaced  by  au  atom  of 
fixygeu — a  change  whicii  it  is  not  at  al!  uulikely  takes  jdace  iu  the 
tissues,  ])erliaiis  iu  evcrv  ci-lj  mu-leus.  The  probability  of  such  a 
change  is  rendered  more  cei'taiu  by  the  experinaent  of  Schindler,  who 
iias  shown  that  under  the  inlluence  of  jiutrefactive  changes  adenin 
and  gnauin  are  converted,  res])ectively,  iut(j  hypoxauthiu  aud  xauthin. 
If  this  expliuiation  In-  correct,  then  adenin  aud  guanin  are  to  be 
regarded  fis  transitiim  iirotlucts  between  the  complex  proteid  mole- 
cule on  the  one  hand  aud  hypoxauthiu  and  xauthin  on  the  other. 
The  last  two  in  turn  form  the  connecting  liuk  to  the  last  step  iu  the 
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retroRra<le  metamorphosia  of  tbe  nitrogenous  elements  of  the  celJ.  It 
Ls  an  interestiug  fact  that  a  new  Iwise,  to  which  the  name  verniii  has 
been  jjiveu.  has  l)een  fumid  in  vetch  and  erf^ot.  This  base  1ms  the 
formula  C,,H,„N,0.,  and  it  is  of  sjifcial  interest  at  this  ])oiut  since  ou 
Wing  hoatoil  with  hydrochloric  jvcid  it  yields  Kuauiu.  Tliia  indicates 
that  we  have  two  sources  of  guauiu,  the  uucleins  and  veniin.  Like 
adenin,  giianin  occurs  in  animal  muscle  only  in  traces,  a  fact  which  is 
explained  ou  the  ground  that  the  muscle  tissue  is  poor  in  nucleated 
cells.  As  the  muscle  cell  has  l»eeouie  inorphDlogiciilly  differentiated 
from  the  typical  cell,  it  may  lie  looked  upon  as  liaviug  uudergouo 
a  chemical  differentiation,  inasmuch  as  we  no  longer  find  phos- 
phoric acid,  xauthiu,  and  Lypoxanthin  in  the  same  chemical  combi- 
nation as  they  occur  in  the  original  cell.  In  muscle,  phosphoric 
acid  exists,  largely  at  lea.st,  in  the  form  of  a  salt.  Correspondingly, 
xauthin  and  hypoxanthin  occur  in  its  tissue  in  the  free  state  and  can 
l»e  eiisily  extracted  with  water. 

Guanin  may  1>e  pre])ared  from  Peruvian  guano  by  re[)eatedly  boil- 
ing this  suljstance  with  milk  of  lime  until  the  liijuiil  liecomes  color- 
less. The  residue,  which  cfmsists  hirgely  of  uric  acid  and  guanin,  is 
boiled  with  a  solution  of  sodium  carbonate,  tiltered,  and  the  filtrate, 
after  tlie  addition  of  sodium  acetate,  is  iU'idulated  with  liydrochloric 
acid.  A  precijiitrtte  is  formed  and  contains  guanin  along  with  some 
uric  acid.  This  precipitate  is  dissolved  in  lK)iling  hydnx-liloric  acid 
and  the  guanin  thrown  out  of  sohitiun  b,\  the  jidditioii  nf  ammonium 
hydrate. 

Pure  guanin  forms  a  white,  amorphous  powder,  insoluble  in  water, 
alcohol,  ether,  and  dilute  animoniuui  hydrate.  It  is  readily  soluble 
in  mineral  acids,  in  fixed  alkalies,  and  in  an  excess  of  concentrated 
ammonium  h\'drate.  It  can  be  heated  to '2(H) ^  C  without  decompo- 
sition. Wlaen  a  solution  of  guanin  is  evaporated  with  strong  nilric 
acid  it  leaves  a  yellow  residue  wliicji  on  the  aildition  of  sodium 
hydrate  assumes  a  red  I'olor,  and  this  on  lH>iug  Jieateil  becouies 
pur|il(^  and  tlien  indigo  blue.  On  cooling  it  returns  to  a  yellow, 
jiassing  through  purple  and  retldish-}  ellow  shades,  due  ]»robably  to 
the  ab8or]>tion  of  wat<'r.  Th's  constitutes  the  so-called  xanthin 
reaction,  ami  is  supposed  to  Iw?  due  to  the  formation  of  xanthin  and  a 
nitrf)  product.  This  test  is  1«st  given  Viy  guanin,  less  distinctl.v  by 
xanthin,  and  is  not  given  by  hyjioxanthiu  or  adeuin. 

Guanin  is  a  very  feeble  base,  as  is  demonstrated  liy  the  fact  tluit 
some  of  its  salts  readily  dissociate  (m  contact  with  water,  especially 
at  a  high  temperature.  Physiologically,  guanin  is  believed  to  be 
wholly  inert. 

Xanthin,  C,i?,A'.0,.— This  basowab  discovered  by  Marcetin  1819, 
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who  found  it  as  a  constituent  of  a  urinary  calculus.  Since  that  time 
it  has  frequently  been  found  aa  the  only  or  chief  constituent  of  many 
calculi.  Like  the  other  bases  of  thi.s  group,  it  is  \videly  tUstributetl. 
It  ia  a  normal  cnustitueut  of  the  urine,  but  is  present  only  in  minute 
(juantities.  It  is  stated  that  during  the  use  of  sulphur  baths  or  Jifter 
the  fhnrougli  appHcutiini  of  sulphur  salves  to  the  skin,  the  quauHlv 
of  xuuthin  iu  the  urine  is  cnusiderahly  iucrejised.  It  is  present  in 
unusually  large  quantity  in  the  urine  of  leucoc.>thaDmic  iiersons.  It 
has  also  lieeu  found  in  the  urine  of  persons  suffering  from  pnenmoniii, 
and  IJaginsky  claiiiis  that  the  amount  of  xanthiu  normally  present 
iu  the  urine  may  be  increased  tenfold  in  cases  of  acute  nephritis. 
Mau.\-  years  n^^o  Benee  Jones  observed  in  the  urine  of  a  child  sick 
with  renal  colic  a  dejiosit  of  crysbds  wliich  he  considered  to  I* 
xanthiu,  but  other  observera  are  inclined  to  regard  these  crystals  hh 
tlinse^  of  liyjioxautliiu.  Tiie  writer  once  fountl  a  large  amount  of 
xautliin  deposited  in  the  urine  of  a  ]mtieut  with  an  enlarged  spleen. 
Gautier  claims  to  have  succeetled  in  syntlietizing  not  only  xanthiu, 
but  also  its  li(uao]ogue,  by  simply  heating  hydrocyanic  acid  in  a 
sealed  tube  with  w;itcr  and  a  little  acetic  acid,  the  latter  l)eiug  added 
to  neutralize  any  ammonia  that  might  bo  produced. 

Pure  xanthiu  is  a  wliite,  grauulirr,  amorphous  substance.  It  is 
snhible  witli  diSlifulty  iu  cold  water,  alcohol,  and  ether,  more  refuUIy 
soluble  iu  boiling  water.  It  is  easily  soluble  iu  alkalies  and  alkaline 
carbonates,  but  not  in  th<^  bicarbotiates,  and  from  these  solutions  it  is 
jirecipitated  on  ueulralizatirm  with  acid,  or  on  treatment  with  a  cur- 
rent of  carbonic  acid.  In  warm  ammonia  it  is  more  readily  soluble 
than  uric  acid  or  gu.-oiiu,  and  cm  cooling  tliis  solutiim  it  readily  crys- 
t;dli/.cs.  It  is  a  weak  base  and  also  shows  the  properties  of  a  weak 
acid.  W'itli  s.ihs  of  some  of  the  heavy  metals  it  fonns  feebly  soluble 
oi'  irisolubli-  coinpouiids.  Its  liasic  ]iropcrties  are  much  less  marked 
than  urn  those  of  liy]iox;inthiu  and  gnaniu.  Urinary  calculi  consist- 
ing of  xantliin  api)ear  as  brown  fragments  which  on  being  rubbed 
with  the  finger  assume  a  waxlike  appearance.  Xanthiu,  as  obtained 
from  till'  uriin>,  bus  a  yellowish  lint  due  to  the  adherence  of  coloring 
matters.  If  a  solution  of  xantiiin  be  evaporated  with  nitric  acid  it 
leaves  a  li'inou-yrllow  residue,  which  is  not  changed  by  oxjiosure  tu 
vapor  of  anniiouia;  Init  with  ]iol;issium  liydrate  it  becomes  yellowish 
red,  and  jnirple  red  on  the  ap]ilication  of  heat.  This  reaction  is  mit 
given  by  hyiioxantliin  or  by  adcuin.  "When  treated  with  a  mixture 
of  the  hypochlorite  of  lime  and  sodiiuii  hydrate  in  a  watch-glass, 
the  solution  becomes  covered  with  a  thirk-green  scum,  which  changes 
to  bi'own  and  scion  disajijiears.  This  test  affords  a  means  of  distinc- 
tion from  hypf)xauthin.     It  is  an  iuterestiug  fact  that  xanthiu  may  be 
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converted  into  theobromiDe,  the  active  constituent  of  theobroma  cacao. 
Theobromine  is  dimetbybtanthin,  and  thia  may  be  converted  into 
trimethy  bean  thin,  which  is  caffeine.  Xanthiu  exiata  together  with 
adenin,  hyposautliin,  and  cjiffoine,  and  [ios.sibly  ^piauiu,  in  tea  leaves. 

Little  need  be  saiil  concerning  the  phy8iolotj;ical  sinnifieanco  of 
xanthiu.  It  beaiy  the  same  relation  to  guanin  that  hypoxauthin  df>e8 
to  adenin,  and  it  is  to  be  regarded  a.s  an  intermediate  coraponnd,  a 
step  lower  than  gnaniu  and  Jiearer  the  limit  of  oxidation,  an  it  occurs 
in  the  bixly,  %vhich  limit  is  represented  by  ui-ic  acid.  It  is  alto- 
gether probable  that  the  xanthin  formeil  in  the  body  is  oxidized  into 
uric  acid  almost  as  rapitUy  as  it  is  formed.  In  its  physiological 
action  it  is  a  muscle  stimulant,  acting  especially  upon  the  heart.  lu 
frogs  it  produces  decided  muscular  rigor,  and  in  large  dosen  paral\  - 
sis  of  the  cord.  In  its  action  it  is  probably  stronger  than  either 
caffeine  or  theobromine. 

Eetcroxanthiii,  C^H^N^O,. — This  base  was  first  isolated  from  the 
urine  by  Salomon  in  1884.  Chemically  it  is  methylxautliin  and  is 
intermediate  between  xanthin  and  parasauthin  or  dimethylxantliin. 
Heteroxanthiu  and  paraxanthin  exist  in  aJiout  the  same  ainoimt  in 
the  urine  of  man  and  that  of  tlie  dog.  It  is  believed  by  Salomon 
that  this  substance,  as  well  as  jiaraxauthiu,  is  formed  in  the  kidney. 
The  reason  for  this  belief  is  founded  upon  a  failure  of  this  observer 
to  find  either  of  these  bases  in  the  liver  or  mu.scleH.  It  is  stated  that 
both  paraxanthin  and  heteroxanthiu  are  absent  from  the  urine  of  the 
cow.  Unlike  the  other  xanthin  bodies,  heteroxanthiu  has  not,  as  yet 
at  least,  teen  obtained  from  ]>lantH  or  from  guano.  The  smull 
amount  of  the  xanthin  bases  in  urine  will  l>e  recognized  from  the 
statement  that  from  10,000  litres  of  urine  Kruger  and  Salomon 
obtained  13  gm.  of  xanthin,  12.5  gm.  of  paraxanthin,  and  7. .5  gm.  of 
heteroxanthiu. 

This  base  forms  a  white  amorphous  powder,  which  after  prolonged 
contact  with  water  may  change  into  a  crystalliuo  body.  It  is  s]iar- 
ingly  soluble  in  cold  water,  much  more  easily  soluble  in  hot  water, 
and  the  solutions  thus  obtained  are  neutral  in  reaction.  It  is  insol- 
uble in  alcohol  and  ether  and  readily  soluble  in  ammonium  hydrate. 
Like  uric  acid,  it  is  freely  Holuble  in  piperazin.  Wheu  heated,  it 
reatlily  volatilizes  and  gives  off  traces  of  hydrocyanic  acid.  (Ju 
evaporation  with  niti'ic  acid  over  the  watcr-liatli  it  leaves  a  white 
residue,  which  on  the  mlilition  of  sodium  hydi'ate  develops  only  a 
trace  of  reddish  coloration. 

As  has  already  been  stated,  hetcroxanthin  is  a  raetliylxaiithin 
and  it  is  possibly  identical  with  a  substjiuce  obtained  synthetically 
by  Gautier.    It  has  been  suggested  that  heteroxanthiu  is  formed  in  the 
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body  by  the  splitting  up  of  more  complex  xauthin  bodies  introduced 

with  vegetable  food.  This  theory  of  its  origin  fintla  support  in  the 
fjK't  that  it  has  never  Iweii  found  in  the  decomposition  of  nuclein, 
and  in  tiie  further  fact  that  caflfeine  aud  theobromine  are  excreted  in 
the  urine  as  methylianthin. 

The  physiological  action  of  heteroxanthin  is  identical  in  kind, 
Init  less  in  decree,  with  that  of  paraxauthiu,  which  will  be  discussed 
later. 

MvOnjLvtmthiii,  C',Z/,jV,0.j.— This  Hnljstauce  is  isomeric,  possibly 
identical,  with  iioteroxauthiu.  It  has  been  obtained  in  the  urine  of 
dogs  and  raljbits,  and  in  that  of  man  after  the  ailiniuistration  of  large 
doses  of  thoobrouiiue.  Driukiiin  large  <iuautities  of  coffee  also  seems 
io  give  rise  tn  this  base  in  tlio  nriuf ;  24. (>  per  cent,  of  the  theobromine 
fed  to  a  rabbit  ap]>eai-ed  in  the  urine  as  methylsanthin.  This  ba.se  is 
solntilo  in  Imt  watiT,  from  which  it  separates  on  cooling  iu  the  form 
of  i)risius  or  long  needles.  On  rapid  eoucentratiou  of  its  a<jueou8 
solution  it  is  thrown  ddwn  in  an  anioriihous  state.  The  amorphous 
floccnles,  linwever,  snou  change  tn  rrystals. 

Ptirii.anilltiii,  C.H^X J )^.— Thin  substance  was  obtained  from  the 
iirine  by  Salomon  iu  IB^^iJ.  It  has  since  been  shown  to  lie  a  constit^ 
uent  nf  nnnnal  urint%  aUhnugli  it  is  jiresent  in  very  minute  ijuantitv. 
It  lias  not  liiTU  fnund  iu  tlir  uiiue  of  dugs  or  in  that  of  leucocythsemic 
piVi-sons.  raraxjiiithin  is  s()ariug]y  soluble  iu  cold  water;  more 
rcadil.v  in  liot  wjitin-.  It  is  insuliil)le  in  alcohol  and  ether.  Its  solu- 
tinns  ari>  niMitntl  in  rcju/ticni. 

As  lias  already  been  stated,  [laraxanthiu  is  isomeric  with  theo- 
brnniinc.     It  is,  thfiofdre,  a  dimftlivlxantliin. 

Espe'fiul  interest  is  iittjiriied  to  the  ] ihysiologicAl  action  of  para- 
xauthiu, iuasnuicli  as  it  is  believed  by  some  to  be  the  active  agent  iu 
the  causation  of  certain  nervous  distuibances,  attention  to  which  will 
1)('  given  later.  From  1  to  2  nigni.  of  this  substance,  injected  into 
till'  niuscle  of  a  frog,  produces  iilniost  iustantsmeously  a  rigor-mortia- 
liUe  cniiilitioii  of  the  muscle  tlius  treated,  with  diminished  reflex 
excitability.  From  (!  to  H  nigm.  introduced  into  the  dorsal  lymph 
sac  causes  a  gr.ubnil  lo.ss  of  vobintary  motion  as  well  jis  of  reflex 
exeit.'ibility.  The  rigor  jirodneid  is  more  Tiiarkod  in  the  auterior  ex- 
tieniities  tiian  elsewhere.  Dyspnoji  is  ,'in  early  and  prominent  sviuih 
tom,  liut  as  sotin  as  rigor  sets  in  the  resjiirations  drop  far  below  the 
normal,  and  may  rejise  altogetJier  for  several  minutes.  Iu  some 
animals  the  lungs  are  enormously  dilated.  The  heart's  action  con- 
tiiiues  until  death  occurs.  In  mice,  n  tetiiuic  condition  is  induced. 
The  injection  of  fl.2  gni.  into  ;t  gniiiea-pig  weighing  /jfK)  gni.  pro- 
duced convulsions  aud  deatli  iu  half  an   hour.     The  same  dose  in- 
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trodiicwl  iuto  tbe  veins  of  a  rabbit  bad  no  effect.  The  fatal  dose 
for  frogs,  when  given  aubcubuieously,  baa  been  found  to  Iw  fnun  0.15 
U)  0.2  per  cent,  of  the  body  weight.  This  imlicates  that  this  jioison 
is  more  ])owerfuI  than  tbeobrtnnine.  In  general,  it  may  be  said  that 
paraxanthiu  destroys  spontaneous  uixiscnlar  action,  leads  tf>  loss  of 
reflex  excitability,  and  has  little  effect  upon  the  heart's  action  until 
the  latest  stages. 

Cannti,  C,}i,A',0,. — This  substance  was  obtained  in  1871  by  Wei- 
del  from  meat  extract.  It  has  also  been  tibtained  from  fresh  meat, 
from  yeast,  and  from  urine.  Camin  forms  a  white,  crvHt^dline  sul>- 
stance  which  when  completely  dry  looks  like  chalk.  It  is  very  spar- 
ingly soluble  in  cold  water,  reailily  soluble  in  boiling  water,  crystal- 
lizing from  the  latter  on  cooling.  It  is  insoluble  in  ether  and  alcohol. 
It«  solntions  are  neutral  in  reaction  and  bitter  to  tlie  taste.  Pliysio- 
logically  earnin  seems  to  have  but  little  effect.  It  is  stated  by  Briicke 
that  when  taken  int<^'rnally  it  causes  some  irregularity  in  the  action 
f)f  the  heart. 

Ept^firkiii,  t\n,y,0. — This  Ijase  was  obtjiiued  by  Balke  fnuu  the 
urine  in  189.3.  It  is  practically  insoluble  in  water.  It  is  reatlily 
Soluble  in  <lilute  hydrochloric  acid  and  on  eva])oration  of  this  solu- 
tion the  hydrochloride  forms  in  needles.  AVitli  silver  nitrat<i  it 
forms  a  precipitate  which  is  insoluble  in  nitric  acid,  but  readily 
soluble  in  ammonia.  It  is  easily  distinguished  from  adeniri  and 
hyiKixanthiu  by  its  insolubility  in  cold  water.  No  detinite  stjite- 
inents  can  be  made  eonoaruing  the  chemical  constitution  or  the 
physiological  action  of  this  base. 

Ci/fnsi)!,  C„H^„N,  0,-\-'JJJ). — This  snbstjiuco  was  obtained  by 
Kossel  and  Neumann  by  decomptwiug  adenylic  acid  by  heating  with 
twenty  per  cent,  sulpliuric  acid  in  a  sealed  tube  at  IjIO"  C.  It  was 
also  obtained  by  the  action  of  water  on  adenylic  acid  at  170 '  C. 
Cytosin  is  easily  soluble  in  hot  water,  from  which  it  separates  on 
CO  ling.     It  forms  crystalline  salts. 

Geroiitiii,  CJi,  A",. — This  base  was  first  isolated  by  CJraiidis  in 
ISIK).  It  has  rejieatedly  been  found  in  a  crysbillitie  form  in  the  cells 
in  the  liver  and  kidneys,  ]>articularly  of  old  dogs.  This  base  iw  an 
isomer  of  cadaverin  It  forma  in  needles  which  are  readily  soluble 
in  both  water  and  alcohol.  It  possesses  a  strong  alkaline  reaction 
and  responds  to  the  general  alkaioidal  jirecipitants.  Physiologically 
it  exerts  a  paralyzing  action  ujion  the  nerve  centres  and  licart  ganglia. 
Five-tenths  of  a  milligram  suffices  to  kill  frogs. 

Sprnnhi,  C'„//,.V.-  This  base  was  first  obtained  by  Schreincr  in 
1878  from  semen.  It  has  also  been  found  in  the  testicles  of  the  bull, 
in  various  organs  of  leucoeythuendc  x>er8ons,  and  also  from  the  sur- 
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faces  of  anatomical  specimens  kept  under  alcohol.  Poehl  found  it 
iu  the  testes,  ovaries,  breast,  thyroid,  paucreaa,  and  spleeu.  It  has 
also  been  reported  as  a  constituent  of  the  cultures  of  the  cholera 
lijicillus.  However,  this  last  statement  neeils  coniirmatiou.  Sper- 
niiu  has  long  l>een  known  under  the  name  of  the  crystalii  of  Charcot- 
Nenmann  or  those  of  Ley  den.  These  crystals  consist  -A  the  phoB- 
jihfite  of  sperniiu.  They  have  l)eeu  found  in  the  sputui..  iu  cases  rif 
piupliysenia,  in  the  bronchial  discharges  in  acute  bronc.'i:tis,  iu  the 
blood  and  spleen  of  leucocythemics,  and  in  the  norma  marrow  of 
boup;  uIho  in  the  secretions  from  the  nose  and  in  fsecea,  ii^  well  as  in 
somen. 

Spermiu,  im  a  free  base,  is  obtained  by  decomposing  ih.'  phos- 
phate witli  baryta  jukI  cvaiioratiuij;  the  filtrate,  which  on  c<.'  jiiuy  yields 
crystals.  Fnnji  alcohol,  spermiu  readily  crystallizes.  It  is  soluble  iu 
water  ami  in  alcohol;  practically  insoluble  in  ether.  When  heateil 
oil  jilatinuiii  foil,  it  gives  off  thick  white  fumes  with  a  weak  am- 
Jiionincal  odor. 

The  attention  of  medical  men  hao  lieen  especially  called  to  spemiiu 
on  accniiiit  (if  tlie  statcmpiit  tliat  it  forms  the  active  principle  of  the 
BrowTi-Scquanl  testic.'i.ir  tluid.  Poehl  states  that  it  acta  as  a  tonic 
nn  liic  nervous  system.  Further  than  this,  nothing  of  professional 
interest  is  knnwu  couceruing  this  base. 

Leitcom.vIns  of  the  KiiEA'nNiN  Group. 

The  researclies  of  tln'  celeiirated  Ifailian  toxicologist  Selmi  stimu- 
lated others  to  study  imt  only  the  ])tomaiuB,  but  also  alkaloidal 
bodies  fiiuud  in  fn-sb  tissue.  Guarcschi  and  Mosso  were  among  the 
Hrst  to  detect  tiic  presence  of  alkaloidiil  bodies  in  fresh  ti.ssue.  When 
e.xtraction  of  such  tissue  was  carried  out  without  the  use  of  acids,  only 
\ery  niiuute  tiaces  of  an  alkajoiilal  body,  ])nssibly  eholiu,  could  l>e 
olitaiiii'd.  I'lit  when  acidified  wider  was  used,  otber  alkaloidal  suli- 
staiices  ajipeared  in  the  extract.  Schulze  obtained  a  Imse,  to  which 
lie  gine  t!ii>  name  arginiii,  and  which  has  the  formula  C,H,,N,0.. 
This  substance  was  (irst  found  in  the  sjirouts  of  lupin,  and  it  was 
soon  found  to  bear  a  close  resemblance  to  kreatiniu.  Later,  arginin 
was  finiuil  ill  various  tissiu's  of  tlie  body  from  which  it  can  l)e  extnu-ted 
vvitli  lioiliiig  hydrocldoric  acid.  Horn  yielils  2.2.J  ])or  cent.,  gelatiu 
2.(i,  cniiglntin  2.75,  albumin  O.H,  dry  blood  serum  0.7,  casein  0.25 
jier  rent,  of  tliis  snbstnTice. 

DreciiHcl  hiis  obtained  two  interesting  bases.  These  are  lysatin, 
C,H,>N,0„  and  lysatiniu,  C,,H,,N,0.  These  may  be  obtained  by 
decomposing  gelatin,  horn  substance,  and  other  proteids,  with  hydro- 
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chloric  acid.  Tliese  three  bofliea  may  be  looked  upon  as  importaut 
sources  of  the  nitrogenous  bases  found  in  animals  and  plants.  In 
l!^9  Liebreich  discovered  an  oxidation  product  of  elmliu  in  normal 
urine.  This  suljstance  is  probably  identical  with  lietai'n.  In  1880 
Piinchet  found,  iu  urine,  allantoin,  caruin,  ami  an  alkaloidal  base 
which  was  not  present  in  quantities  sufficient  tti  admit  of  a  di^ternii- 
natiou  of  its  composition.  Gautier  has  studied  quite  cxbauHtivelv  tlie 
leucomaius  found  in  fresh  muscle,  and  he  has  succeeded  in  isolating 
Kevend  compoimds  which  will  be  mentioned  later.  Some  of  these 
substances  are  credited  with  possessing  an  intensely  poisonous  action, 
and  if  this  l>e  the  case  it  is  evident  that  any  undue  accnmulatitm  of 
these  sulistances  in  the  system  may  give  rise  to  serious  disturbauccH. 
The  amount  of  these  bases  present  in  the  daily  urine  is  very  small, 
so  smaO  indeed  that  we  may  look  upon  the  traces  found  in  this  excre- 
tion as  having  escaped  oxidation  in  the  Ixidy.  Acconliug  to  tJaiilier, 
there  is  constantly  going  on  in  the  animal  tissues  of  the  body  a  cycle 
ai  changes  consistiug  of  the  formatiim  of  leucomaiUH  and  tlieir  sidwe- 
quent  destruction  by  oxidation.  Should  anything  interfere  with 
their  destruction  they  may  manifowt  poiHouona  effects.  To  the  physi- 
tilogical  chemist  these  bodies  are  of  special  interest  on  account  of 
their  possil>le  relation  t<i  the  formation  of  kreatin  and  kreatiuiu  in 
the  nniscles.  In  these  leucomains,  a.s  well  as  iu  those  of  the  nric-acid 
group,  hydrocyauic  aciil  plays  a  very  important  part  in  their  niolcc- 
ular  structure.  What  the  function  of  this  cyanogen  grmip  is,  so  fai- 
jw  the  physiological  activity  (»f  the  tis.sues  is  concerned,  we  do  not 
know  iKisitively,  although  recent  researches  seem  ttt  show  that  the 
site  of  the  cyanogen  ff>rraidion  lies  witliiu  the  nucleated  cell  and  is 
intimately  connected  with  the  fuucti')us  of  the  nucleiu  moleculi'. 
Many  of  the  bases  olitaiued  by  Gautier  were  found  in  quantities  so 
small  that  neither  their  chemical  conqiositiou  nor  their  jihysiological 
action  could  l>e  studied  with  any  thoroughness.  We  shall  coutiue  oui 
statements  to  a  few  of  the  most  important  of  these  substances. 

Cnisokrc(ifi»i)i,  t\i/,A',0.--T!iis  substance  diffei-s  in  its  compo- 
sition from  kreatiniu  by  a  molecule  of  HCN.  Both  in  its  crystjilliur 
form  and  in  its  markedly  alkaline  reaction,  as  well  as  in  some  other 
jiroperties,  it  seems  to  be  closely  related  to  kreatiuin.  This  relation- 
ship, together  with  its  golden-yellow  color,  induced  Gautier  to  give 
it  the  name  which  it  Invars. 

Xriti/Iitikreatiniii,  C^H^^XJK — This  is  the  most  abundant  of  njus- 
rle  leucomains.  It  forms  iu  snl(i!uii'-yel]ow  crystals,  consisting  of 
rectangular  plates,  resendiling  thfise  of  cholesterin.  It  is  soft  iind 
talc-like  to  the  touch.  It  jios.sesses  a  slightly  bitter  taste,  and  when 
boiled  with  alcohol  it  gives  off  the  odor  of  acetamide,  though  ordi- 
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uarily  in  the  cold  it  ba8  a  slij^ht  cadaveric  odor.     Ou  the  application 

of  heat,  this  bane  gives  off  the  odor  of  roasted  meat;  it  carbouizes  in 
part  aiid  yields  ammonia  and  iiiethyhiniin.  Solutions  of  this  base 
are  amphoteric  in  reactiim.  When  given  in  fairly  large  doeea  it  is 
poisououH,  producing  in  aninialH  depression,  somnolence,  and  extreme 
fatigue  accom]>auied  by  frequent  defecation  and  voniitiug.  Monari 
found  xanthokreatiu  in  the  atiueous  extract  of  the  muscles  of  a  dog 
exhausted  by  exercise,  and  also  in  the  urine  of  soldiers  tired  out  by 
a  march  of  many  hours. 

AuijiJiikicat'ui,  CJI^^N.O,. — This  sulwtance  is  slightly  soluble  in 
boiling  water,  from  which  it  crysbdlizes  in  yellowish-white  prisms, 
possessing  a  slightly  bitter  taste.  It  is  a  weak  base  and  f<)rms  salts 
with  the  mineral  acids.  Nothing  definite  is  known  concerning  its 
physiological  action. 

A  Bane,  C,JL_,N,JK_. — This  snbatnuce  crystallizes  in  colorless  or 
yellowish  rectangular  plates  wliicli  are  tasteless,  and  which  possess 
an  am(jhoteric  reaction.  When  heated  with  water  in  a  sealed  tube  to 
200  C.  it  is  converted  iutti  a  new  bsise  and  urea,  the  latter  being 
immediately  decomposed  into  ammonia  and  carbonic  acid. 

Fndetehmisf.h  Lf.ih'omaIns. 

LcHvoiiKii'ii.'i  in  Expired  Air. — Tliere  has  been  considerable  discus- 
sion concerning  the  nature  of  the  organic  matter  contained  in  expired 
air.  In  IHTD  Kausome  estimat^Hl  the  amount  of  organic  matter  in 
expired  air  to  be  about  0.2  gm.  per  day.  Later,  it  was  shown  by 
ITffehnann  that  the  amount  of  organic  matter  in  occupied  closed 
rooms  is  increased  in  almost  the  same  ratio  as  carbonic  acid.  Others 
have  denied  tlie  i'xistenc<<  of  organic  substances  in  the  expired  air. 
These  have  suppo.sed  that  the  only  poisonous  substance  in  expired 
air  is  carlionii'  acid.  Others  claiiii  to  have  demoustnited  that  exjiired 
air  from  which  all  the  carbonic  acid  has  been  removed  is  highly  poi- 
sonous. Home  years  ago  a  series  of  articles  by  Brown-St'quard, 
D'Arsoiival,  anil  Wiu'tx  on  Ihe  |>oisoiious  ])roperties  of  expired  air 
attracted  mnch  atti-ntion.  The  first  two  of  these  observers  found  that 
Hie  vapors  exhaled  by  dogs,  nhen  condensed,  and  the  aipieous  liquid 
tliiis  obtaiiifd  was  injecti-d  into  auiiiinls  death  followed,  generfJly 
within  twenty-four  hours.  The  symptoms  observed  were  dilatation 
of  the  pupils,  increjise  of  the  heart  beat  to  a-s  much  as  280  per  minute, 
and  the  slowing  of  thf  resjiiratory  movements.  U.sually,  paralysis  of 
the  posterior  extremities  w.as  observed.  Choleraic  diarrhoja  was  in- 
variably jiresent  in  the  aniniiils  experimented  njum.  In  some  there 
was  a  rapid  lowering  of  the  temperature  from  0.5'^  to  5"  0.     Boiling 
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the  liquid  which  had  been  formed  by  the  condensations  of  the 
expired  air,  for  the  ]iurpnse  of  destroying'  any  yerms  which  might  be 
{•resent,  apparently  iuL-reaaed  its  toxicity.  Wurtz  stated  that  he  had 
found  in  the  condeuyed  expired  air  a  bfisic  substance  which  forms  a 
ddulile  salt  with  platinum,  crystallizing  iu  short  needles.  Later 
researches  have  thrown  doubt  n]>ou  all  of  these  statements.  In  18!(3 
Ben  oljtained  from  3, (MX)  litres  of  exjiired  air  100  c.c.  of  water  of  con- 
densation. This  liiiuid  had  a  peculiar,  not  unpleasant,  odor.  It 
gave  a  tUstiuct  reaction  for  ammonia,  but  ilid  not  ctmtaiu  alkaloids. 
The  organic  substance  iu  it  amounted  to  5  mgm.,  or,  when  calculated 
for  the  twenty-four  hours,  15  mgm.  From  this  and  other  experi- 
nieuts  he  conclmles  that  the  organic  matter  of  expired  air  cannot 
induce  acute  intoxication.  He  believes  that  the  dys]>no>a  observed 
in  confined  spjK-es  is  due  to  the  lack  of  oxygen.  Carbonic  acid  may 
give  rise  to  dulness  and  headache,  but  the  amount  may  be  gradually 
increased  and  the  effects  will  Ije  negative  so  long  as  oxygen  is  iiot 
markedly  decreased.  The  probabilities  are  that  any  ])oisouons  sul>- 
stauce  or  suljstances  formed  iu  the  body  when  an  insufficient  amount 
of  air  is  supplied  are  not  eliminated  from  the  lungs,  but  are  retained 
in  the  IxHly. 

LeiirtiiiiaXiiK  in  f/ic  Urate. — Many  basic  substances  have  l>een 
obtained  from  the  urine.  Some  of  these  have  Ijeen  found  in  the  urine 
of  healthy  pei-sons  and  otliers  in  those  sufl'ering  from  varinus  dieases. 
Space  will  not  allow  me  even  to  mention  all  the  leucomains  that  have 
been  found  in  the  urine.  Attention  will  l>e  given  only  to  a  few  of  the 
most  impoi'tant.  In  1H(>'.)  Liebreich  found  a  subshince  which  is 
probably  identical  with  Ix^tain.  In  l<S(j<)  Bence  Jones  discovered  in 
the  urine  an  alkaloidal  body  which  in  aulphuric-acid  sohition  ])os- 
sesses  a  blue  tluorescence  similar  to  that  of  ([niuiiie.  In  1870  Tliu- 
dichum  aunoiinced  the  presence  in  the  urine  of  fnur  new  alkaloids. 
The  physiological  action  of  these  has  not  1>een  studied.  Pouchet  lias 
obtained  from  the  urine  several  ba.ses  which  an-  poisonous  to  frogs, 
producing  paralysis,  loss  of  retleses,  and  arresting  tiie  heart  in  systole. 
This  author  also  lielieves  that  the  urine  contains  small  f[uantities  of 
pyridiu  bases  analogous  to  those  obtainetl  in  ilccoiiiposiug  fish.  Sclini 
examineil  a  numl>erof  specimens  of  patlmlogical  urine  and  succeedcil 
iu  obtaining  from  many  of  them  basic  substances,  some  of  which  were 
jioisonous,  while  others  were  not.  The  urine  from  a  i)atient  with 
progressive  paralysis  yielded  two  bases,  strongly  resembling  nicotine 
and  coniiue.  He  {iro posed  that  the  basic  substances  found  iu  the 
urine  in  disease  lie  designated  as  pathomaTns. 

The  term  nrotoxy  has  been  employed  to  designate  the  relative  toxi- 
city of  the  urine  in  various  couditiims.     Lt'iuue  and  Guerin  found  that 
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tbe  extracts  irom  pathological  urine  were  more  jioiBouous  than  those 
from  the  normal  secretion.  Villiers  found  basic  sulwtauc^s,  as  a 
rule,  ill  tlie  urine  of  patients  suffering  from  pneumonia  and  tubercu- 
losis, lu  all  of  these  exiierimenta  only  extracts  were  employed,  the 
base  not  beiug  isolated  iu  a  degree  of  purity  sufficient  for  analysis. 
.A-rslau  fouud  iu  the  urine  of  two  childi-eu  with  ankylostomiasis  a  base 
which  iuduced  iiu  amemic  condition  iu  rabbits.  Boinet  and  Silberet 
ifiohited  three  bases  from  the  urine  of  Ba^iedow's  diaea.se,  .ind  found 
that  these  substances  iuduced  iu  animals  effects  similar  to  those 
observed  in  the  disea.se.  Dutto  fouud  iu  the  urine  of  Addison's 
disease  a  base  which  behaved  with  rejigents  like  eholin.  Some 
writers  consider  this  disease  as  au  autointoxication.  It  may  be 
tiieiitioued  iu  tiiis  conuectiou  that  eclampsia  is  considered  by  Favre 
;is  j)toiuai'ua'iuia,  whereas  Bouchard  regards  it  as  due  to  the  umi- 
eliuduatiou  of  the  noruial  poisons  f)f  the  urine.  However,  it  is  more 
prnliable  that  it  is  due  to  ])erverted  cell  uietabolisra.  Griffiths  has 
given  a  long  list  of  alkaloidal  bodies  obtained  from  the  urine  iu 
infectious  diseases;  but  there  are  many  reasons  for  believing  that  his 
work  is  n(Bt  reliable. 

(Juiittiug  the  iiieution  of  tlie  special  chiims  of  investigators  we 
may  make  the  following  general  statemeuis  concerning  the  toxicity 
I  if  the  urine:  It  i.'^  a  well-established  fjwt  that  the  uriue  of  persons 
siilVcriug  from  certain  infectious  diseases,  such  as  cholera  and  septi- 
cn'uiia,  is  more  poisonous  than  normal  uriue.  These  poisonous  sub- 
stauct's,  whetliei-  they  be  Ijases  or  not,  are  probably  generated  in  the 
Itody  by  tlic  .■u'ti\ity  of  the  specific  bacteria  causing  the  disease.  The 
excretion  oi  tlie  toxins  of  tetanus  and  diphtheria  in  the  uriue  has 
hiM'u  demoHstiutcd.  In  tlie  cinisideration  of  the  toxins  in  the  urine 
iu  iiifectitius  diseasi's  it  uiu.st  not  be  ftirgotteu  tliat  the  poison  as  well 
a^  the  sjtecitic  germ  may  he  present  iu  the  secretion  from  the  kidney. 
It  tlii'refore  liecomes  ditticult  to  decide  as  to  wliether  the  toxin  found 
iu  the  uriue  is  generated  iu  the  body  or  forms  suLisequently  to  the 
secretion  of  th((  urine. 

Thr  inicstioii  of  the  toxicity  of  normal  urine  has  been  the  sul)- 
ject  of  liiiicli  cniitroversy.  l^ra'uua  was  formerly  explained  on  the 
a.HHumptinti  Ui;it  urea  is  poisonous  and  that  the  symptoms  result 
from  the  i-cti*i)1ifiii  of  this  secretion.  Actn;d  demonstrations  of  the 
toxicity  of  the  urine  were  made  early  iu  this  century  by  Vauquehiu 
and  others.  On  the  otiier  hand,  disbelievers  iu  the  toxicity  of 
the  urea  wi-re  not  wautiug.  Thus,  Frerichs  maiutaiued  that  death 
resulting  from  the  iutravenous  iujection  of  uriue  wjis  due  to  sus- 
pended solid  elemeuts  of  the  uriue,  that  urea  itself  was  harmless, 
and  that  it  could  by  the  actiim  of  a  ferment  give  rise  to  the  poiaon- 
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ous  ammoDimii  carbonate.  Voit  pointed  out  that  potassium  saltH 
ou  account  of  their  toxicity  might  play  an  important  ])art  iu  the 
l)rotluL-tiou  of  urjemia.  It  can  now  be  positively  utated  that  normal 
urine  does  possess  a  certain  degree  of  toxicity.  It  is  more  difficult 
til  decide  upon  the  nature  of  the  poison.  According  to  Bouchard, 
3()  to  GO  c.c.  of  normal  uiine  iujeeted  intravenously  will  kill  a  I'abbit 
weighing  1  kgni.  Hence  a  man  weighing  60  kgm.  and  excreting  per 
day  1,200  c.c.  of  urine  would,  if  50  c.c.  are  necessary  to  kill  1  kgni. 
of  living  matter,  secrete  enough  poison  to  kill  24  kgm.  of  animal. 
Inasmuch  as  the  amount  necessary  to  kill  1  kgm.  of  animal  is  desig- 
nateil  as  one  urotoxy,  therefore  iu  the  above  case  tvventy-fnur  uro- 
t<isies  are  formed  per  day.  The  urotoxic  coefficient  is  the  numl)er  of 
urotoxies  which  1  kgm.  of  man  forms  in  twenty -four  hours.  There- 
fore in  the  case  BU])])osed  above  jf,  =  0.4  is  the  urotoxic  cneJh<-ient. 
The  average  normal  coefficient  is  placed  by  Bfiuchard  at  0.4()4.  It 
follows,  therefore,  that  an  average  rafin  would,  if  the  excretion  of 
urine  was  stopped,  Ite  killed  in  fifty-two  hours.  In  disease  the  uro- 
toxic coefficient  rarely  exceeds  2  and  sekkuii  falls  l>elow  0.1. 

According  to  Bouchard,  five  kinds  of  jmisous  may  occur  iu  the  urine, 
producing  uarcfisis,  salivatii>n,  mydriimis,  paralysis,  and  cniivulsinns. 
The  day  urine,  which  is  chiefly  narcotic,  is  from  two  to  four  times 
more  toxic  than  the  sleep  urine,  which  induces  convulsions  and  is 
antagonistic  to  (he  former.  TIif-  toxicity  is  indepcudcut  <>f  the 
ileusity,  since  night  urine  is  more  dense  than  that  secreted  during 
the  day.  Bouchard  ascribes  the  greater  part  of  the  toxicity  to 
urganic  poisons,  especially  coloring  mattei-s,  whereas  iiotaKsiiim  suits 
are  regarded  as  a  factor  of  less  importjiuce.  Lejiine  also  found  tliat 
ftlKiut  (JO  c.c.  of  urine  sufficed  to  kill  1  kgm.  of  rabbit.  However,  he 
attributes  much  more  impfirtance  to  the  inorganic  salts,  claiming 
that  eighty -five  per  cent,  of  the  intoxication  is  due  to  these  substances. 
The  remainder  of  the  t<ixicity  he  lielieves  to  be  due  to  the  organic 
matter.  Stadthagen  jdso  lielieves  that  from  eighty  to  cighty-ti\i>  ])cr 
cent,  of  the  toxicity  of  urine  is  due  to  the  inorganic  constituents,  while 
from  fifteen  to  twenty  per  cent,  is  due  to  organic  substances.  No 
one  organic  sulistance  in  the  iirine  ])ossesscs  tliis  toxicity.  Ciauti<'r 
hjia  supposed  that  the  urine  jioison  is  a  jiroteid  analogous  to  tiiosc  iu 
the  venom  of  serpentfl.  In  the  present  state  ()f  our  knowledge  u|i<in 
this  fiulij'ect,  we  may  conclude  that  the  jkuhouous  action  of  normal 
urine  is  due  io  the  sum-total  actitm  of  inorganic  salts,  chiitly  those 
of  potassium,  and  the  normal  organic  ctmstituents,  such  as  urea, 
kreatiniu,  etc.  Increased  t^oxicity  of  the  urine  has  Ihm'U  observed 
by  Surraont  in  atrophic  cirrhosis,  tuberculoRis,  and  cancer  of  the 
liver,  while  on  the  other  hand  the  toxicity  was  normal  or  subntjr- 
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mal  iu  LypertropLiL'  cirrhosis,  hepatic  congestion,  and  in  infectioos 
icterus. 

Leiicomai'ns  in  the  Saliva. — According  to  Gaatier  normal  saliva 

contains  poisonous  sulatances  iu  small  fjuautities,  and  these  differ 
very  raucli  iu  thoir  action  according  to  the  time  of  their  secretion, 
and  ])robabl_v  m^'ordiu^;  to  the  individual  gluud  in  which  they  arc 
secrfted.  Ha  sfait«s  that  an  af|ueou8  extrtu^t  of  saliva  dried  at  100"  C. 
is  poisonous  or  narcotic  in  its  effect  upon  birds.  He  i-laiuis  that  tiie 
saliva  contains  a  basic  substance  to  which  the  above-meutioned  action 
is  attribu bible. 

The  Relation  of  LeucomaiUB  to  Disease. 

The  tiuKi  for  asc.iontitic  discussion  of  the  auttigenous  diseases  Las 
not  yet  arrived.  A  volume  might  he  filled  with  inferences.  How- 
ever, only  a  few  deinoustrat'cd  facts  can  lie  given.  In  discussing  the 
rcbitiou  of  leuconiam.4  to  disease,  it  will  l>e  necessary  to  give  to  the 
term  leucoaiain  a  wider  siguificauee  than  that  to  which  it  has  been 
re.strictc'd  in  tlie  discussioij  of  the  cheujistry  of  these  iHxlies.  WV 
ilesignate  as  autogenous  those  diseases  which  have  their  origin  in 
altered  aetinty  of  the  colls  f>f  the  body  in  contnidistiuction  to  those 
disea.'ies  whivh  owe  their  origin  to  the  intr<i<luction  of  foreign  cells 
or  foreign  jioisons.  It  is  certainly  true  that  if  wo  should  ilrink  only 
eliemicnlly  ]iure  water,  take  only  that  frxxl  which  is  free  from  all 
adulteration  and  infection,  and  breathe  tlie  }iurest  air  free  from  all 
organic  matt^^-r  Iwith  living  and  dead,  yet  our  excretions  would  con- 
tain jioisoiis.  It  is  trui!,  I  iM-lieve,  that  the  excretions  of  all  living 
things,  plants  and  animals,  contain  sulwtances  which  are  ]»oisouou8 
to  the  organisms  excreting  them.  In  man,  some  of  these  jioisons 
originate  in  the  a<'tivity  of  tliose  bacteria  which  are  constantly  present 
in  the  normal  i'onteiits  of  the  intestines.  Strictly  s|M>nking,  poisons 
thus  formed  are  jitomafns  and  not  lencomahis.  However,  good  argu- 
ments might  be  advanced  for  elassifying  any  diseases  having  their 
origin  in  the  ]>rodui-ts  of  these  bacteria  among  the  autogenous  affec- 
tions. 

lioticliard  has  shown  (hat  normal  fajces  contains  a  highly  poison- 
ous substau<'i^  whirh  may  be  S(>iiarated  by  dialysis,  an<l  which  when 
administered  to  rabbits  causes  violent  convulsions.  He  estimates 
that  the  amount  of  this  jtoison  formed  in  the  intestines  of  a  healthy 
man  eaeh  tweuty-foiir  honrs  wtmld  be  suHicient  to  kill  the  individual 
if  it  was  absorbed.  ( )f  courses,  wo  do  not  know  that  all  of  this  poison 
or  these  [loisons  is  firmed  iu  the  intestinal  tract.  Some  of  it  may  1m 
separated  from  the  blood  or  lyiniih,  s(uae  of  it  probably  pauses  with 
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the  bile  into  the  intestiueH.  It  ia  a  well-knowu  fact  that  eonstipation 
is  followed  by  a  groui>  of  more  or  less  disastrous  8ymj)tnni8  dejiend- 
ing  upou  the  exteut  to  which  eUminatioii  ia  iiiterruiited.  PlivMiciaiiH 
recoyuize  a  form  of  fever  due  to  nou-elimiuatiou.  As  a  rale,  there  is 
in  tbese  cases  more  or  less  beatlache,  the  t4-iugue  becomes  coated,  aud 
the  breath  oflfeusive.  Such  cases  ofteu  speedily  improve  uuder  the 
influence  of  a  brisk  cathartic.  lu  surgiod  cases,  wheu,  on  account 
of  au  operation,  the  patient  must  keep  in  bed,  this  fever  of  iion- 
eliuiination  freijueutly  appears.  The  same  is  true  in  obstetricnl 
cases.  In  these,  an  elevation  of  temperature  often  gives  rise  to  great 
alarm,  as  the  physician  snsjieets  septicfcmia;  but  if  the  elevation  of 
tem{)erature  l>e  due  to  non-eliminatiou,  the  fever  rapidly  disappears 
after  free  fiurgation. 

The  protlucta  of  imperfect  digestion  may  lie  absorbed  and  may 
give  rise  to  serious  tlis turban ces.  Even  undigested  egg  albumi'ti  may 
to  some  exteut  at  least  produce  these  effects.  Prifir  examiued  a  ease 
in  which  a  l>oy,  after  eating  sixteen  raw  eggs,  had  a  high  fever  accom- 
panied by  the  ap|iearance  of  Itoth  aUiuiiiin  and  lueiuoglnbiu  in  tho 
urine.  Peptones  and  albuinoses  in  large  amount  may  reach  the 
general  circulation.  That  these  substances  are  poisonons  uuder  these 
coutlitious  is  shown  by  the  fia't  that  when  iujectrd  directly  into  the 
blood  their  toxic  action  i.s  marked,  the  coagidability  of  the  blood  is 
destroyed,  blood  jiressure  is  lowered,  and  wliou  large  fpiantitier*  are 
used  death  speedily  results.  Bniuton  is  inclined  to  attribute  the 
lassitude,  depression,  sense  of  weight  in  the  limbs,  and  duhiess  in 
the  Leail,  occurring  in  active  men  afti'r  meals,  tr>  poisoning  witli 
I)e|it.oues  and  albumoses.  He  advises  that  such  ])er8on  should  lie 
placed  upim  a  diet  less  rich  in  nitrogenous  materia!.  That  ])e]>tono 
does  find  its  way  iutt)  the  general  circulation  is  shown  by  the  fre- 
nueucy  with  which  it  is  found  in  thi'  urine.  Moreover,  albumosuria 
is  more  frerjuent  than  pei»tonuria.  There  is  a  rich  tield  (or  investi- 
gation in  the  study  of  the  physiological  and  toxicological  action  of  the 
various  proilucts  of  iligestion.  Again^^  it  is  poHsilih'  that  the  diges- 
tive ferments  scuuetimes  tiud  their  way  into  the  lilood  in  sutVicieut 
quantities  to  cause  deviations  from  health.  The  older  physiological 
chemists  sfcite  that  iiepsiu  and  trypsin  are  frequent  if  not  coustant 
constituents  of  normal  urine;  but  their  experiments  were  made  with- 
out reference  to  the  jtossibility  of  the  ferments,  which  they  found, 
being  formed  by  the  bacteria  of  the  urine,  and  after  carefully  going 
over  the  literature  of  the  subject  I  am  not  prepared  to  pass  judgment 
on  the  tnitli  of  their  statements.  However,  the  fact  that  thi'se  fer- 
ments manifest  a  marked  t.ixictdogical  action  when  introduced  into 
the  blood  is  of  great  interest.     Hildebrandt  has  reported  some  exjieri-  | 
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inents  made  by  Limself  ujion  this  subject.  He  finds  that  a  fatal  dose 
of  pepsin  for  dogs  is  from  0.1  to  0.2  gm.  jier  kilogram  of  body 
weigbt,  when  injected  subeutaueously.  SuoL  injections  are  followed 
by  a  marked  elevation  of  temperature,  wLicb  lie  designates  as  ferment 
fever.  Tlie  fever  begins  witliin  an  hour  after  the  injection,  reaches  its 
maximum  after  from  four  to  six  hours,  and  may  continue  for  soim 
days.  During  the  i«>ri(xl  of  elevation  of  temi>erature,  there  are  fre- 
quent chills.  Duriug  the  twenty-four  hours  preceding  death  the 
temperature  generally  falls  l>elow  the  normal.  The  symi)tom8  ac- 
compjvnying  the  so-ccJIed  ferment  fever  vary  to  some  extent  with 
the  species  of  animal.  Rabbits  lose  flesh,  notwithstanding  the  fact 
tliat  they  continue  to  eat  well.  They  become  very  weak,  and  death  is 
jtreceded  by  couvulsion.s.  Dogs  tremble  in  the  liml>s,  become  uncer- 
tain in  gait,  and  vomiting,  dyspntua,  and  coma  are  followed  by  death. 
Heetion  shows  i>areiK'hymatous  degeneration  of  the  muscles  of  the 
heart,  and  .slight  cliauge,s  in  the  liver  and  kidnej'.  There  are  abun- 
dant hpninrrhages  in  the  intestinal  canal,  in  Peyer'a  patches,  in  the 
mesenteric  glands,  and  sometimes  in  the  lungs.  Thrombi  are  fre- 
ijiieutly  found  in  the  lungs,  and  in  some  cases  in  the  kidneys.  The 
action  of  tjiese  digestive  ferments  when  thus  administered  on  the 
(•oaguhibility  <>f  tin-  Mood  is  worthy  of  mention.  At  first  there  is  a 
jieriod  duriug  which  the  coagulability  of  the  blooil  is  greatly  ]e.«isened, 
tlien  follows  a  ]H'riod  of  greater  rapidity  in  coagulation,  and  it  is  in 
tliis  latti'i"  stag!'  tliut  tliroiiibi  are  formwl. 

That  certain  other  febrile  diseases  are  autogenous  in  origin, 
there  cau  be  but  little  doubt.  They  may  be  due  fci  an  excessive  for- 
inatiiiii  of  poisonous  substances  in  the  body,  or  they  may  be  due  to 
insufficient  elinnnatinu  through  the  skin,  bowels,  or  kidneys.  As  an 
example  of  fever  of  this  kind,  we  may  mention  fatigue  fever.  After 
excessive  and  long-continued  exercise  there  may  be  an  elevation  of 
tempei-ature  of  from  1  to  3".  The  ajipetite  becomes  imjmired,  and  if 
at  tills  period  an  op]uirtunity  for  rest  is  at  hand  sound  and  refreshing 
.sleej)  is  imjiossilile,  tlie  brain  becomes  excited  and  refuses  to  be  at 
rest,  the  senses  are  alei't,  and  all  efforts  to  sink  them  in  repose  are 
unavailing.  Fatigue  fever  is  fre(iueutly  observed  in  armies  upon 
forced  inarches,  esjiecially  if  the  troopn  consist  of  young  men  unac- 
customed to  service.  Mosso  has  studied  this  fever  in  the  Italian 
army.  He  stiites  that  iu  fatigue  the  blood  is  subjected  to  a  process 
(if  decoiiijiowition  brought  about  by  tlie  infiltration  into  it  from  the 
tissues  of  poisonous  substances  which  when  injected  into  the  circula- 
tion of  healthy  animals  itiduco  malaise  and  all  the  signs  of  exhaus- 
tion. It  has  lieeu  suggested  that  iu  this  decomposition  of  blood 
fibrin  ferment  is  set  free,  and  that  it  is  the  cause  of  the  elevation  of 
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temperature.  Fatigue  fever  is  often  accom  panied  by  chilly  sensations, 
and  frequently  it  is  mistaken  for  malaria,  and  quinine  is  administered, 
but  without  good  effect.  Then  there  is  the  fever  of  exhaustion,  which 
tliffers  from  fatigue  fever  only  in  degree.  This  is  brought  on  by  pro- 
longed exertion  without  sufficient  rest,  and  is  especially  likely  to 
occur  when  the  exercise  is  taken  without  sufficient  food.  The  healthy 
balance  between  the  formation  and  elimination  of  effete  matter  is  dis- 
turlied,  and  it  may  l>e  weeks  before  it  is  reestablished — indeed,  it 
may  never  be  reestablished,  for  some  of  these  cases  terminate 
fatally.  The  fever  of  exhaustion  may  take  on  a  tyjihus  form,  delir- 
ium may  appear,  muscular  control  of  the  bowels  may  be  lost,  and 
tleath  may  result. 

Jlachford  has  made  some  most  valuable  contributions  to  our 
knowledge  of  the  relation  of  leucomains  to  disease.  He  has  pointed 
out  and  a]iparently  established  the  fact  that  there  is  a  migraine  which 
is  due  to  an  excessive  amount  of  i>araxauthin  in  the  blood.  This 
leucomain  is  found  in  relatively  large  quantities  in  the  urine  after 
attacks  of  tbis  heatlache.  He  also  accounts  in  the  same  way  fur  a 
certain  form  of  epilepsy  which  he  designates  as  leucomain  opile]>fiy ; 
also  for  a  form  of  gastric  neurosis  and  to  a  variety  of  asthma,  duo  to 
the  same  poison.  He  has  conducted  some  investigations  concerning 
the  relations  of  leucomains  to  chronic  alcoholism,  lead  poinouing, 
and  to  urmmia.  In  some  of  these  diseases  be  has  obtained  from  the 
urine  abnormally  large  amounts  of  ]>araxauthin,  and  by  injecting  this 
substance  into  mice  and  rats  has  induced  sym]>toms  similar  t^i  tlioso 
of  certain  forms  of  epilepsy,  and  to  the  nervous  symiitoms  of  chronic 
lead  jtoisoning. 

As  already  stated,  the  scientific  study  of  the  relation  of  the  leu- 
comains to  disease  is  yet  to  l>e  carried  out,  and  there  can  bi^  scarcely 
any  doubt  that  careful  and  thorough  studies  of  this  subject  will  lead 
to  results  hardly  less  important  than  those  which  liavn  folhfwed  the 
demonstration  of  the  causal  relationship  between  bacteria  and  tlio 
infectioiTs  diseases. 


INFECTION  AND  IMMUNITY. 


BY 

HAROLD  C.  ERNST, 


INFECTION  AND  IMMUNITY. 


A  costPLETE  Btudj'  aocl  sumraarj"  of  all  the  work  that  has  been  dnue 
in  this  field  would  be  utterly  impoasible.  Id  the  followiug  attemjit 
at  a  statemeut  of  the  aeries  of  exjjeriiiients  leading  to  the  preseut  posi- 
tiou  upon  these  j>oint8,  much  that  in  of  value  is  of  necessity  omitted, 
and  possibly,  too,  some  work  that  is  more  deserving  than  that  spokeu 
of.  But  if  this  be  the  case,  it  is  certain  that  uo  personal  bisis  has 
been  permitted  intentionally  to  inflneuce  the  Helections. 

The  two  subjects  forming  the  headiuf?  of  this  chapter  are  inextri- 
cably interwoven  iu  their  experimental  study,  and  their  preseutatiim 
may  be  made  for  convenience  under  two  headings :  fii-wt,  the  exjieii- 
ments  leading  to  our  present  ideas  upon  infection,  and  the  methods 
by  which  it  may  occur;  second,  tlie  couaideratiou  of  immunity,  (o) 
natural  and  (6)  ac<]uired. 

INFECTION. 

Modes  of  infection,  bo  far  as  the  recent  ideas  are  coneenied,  are 
well  discussed  by  W.  H.  Welch,  who  takes  the  ground  occu]>ied  by 
most  mmlern  observers  that  "there  is  now  tolerable  unanimity  of 
opinion  as  to  the  meaniug  attiiched  to  the  terms  infocticm  and  infec- 
tious diseases.  Most  recent  authorities  nuder.Htaud  by  iufftlioii  the 
condition  produced  by  the  entrance  and  multiplication  of  jtatLogcuic 
microorganisms  within  the  body.  An  infections  disease  is  one  which 
is  cauBetl  by  the  invasion  and  re])roduction  within  the  body  of  patho- 
genic microorganisms.  To  define  an  infectiirtis  agent  as  a  specific 
jjoieon  capable  of  indefinite  multiplication  is  ojily  to  exjiress  obscurely 
the  idea  just  conveyed,  for  we  know  and  can  conceive  of  no  poison 
capable  of  indefinite  multiplication  exce])t  a  living  organiKm.  Tiie 
analogies  formerly  drawn  frc)ra  the  fermentation  and  tlie  ]mtrefacticin 
of  organic  8ul>stances,  and  still  preserved  in  the  designation  '/ymolic 
diseases,'  have  lost  all  force  as  an  oi)posing  argument  Mince  it  has 
been  shown  that  such  processes  are  produced  by  living  organisms. 
Li  the  absence  of  any  other  jjrobable,  I  may  say  even  cimceivable, 
hypothesis,  to  refuse  to  accept  the  doctrine  of  a  contaginm  vivum  jus 
applicable  to  all  infectious  diseases  because  it  has  been  demonstrated 
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only  for  certain  of  these  diseases,  in  alrout  as  reasonable  as  to  reject 
the  law  amiiix  villiihi  e  ceUiila,  Ijecaiise  this  has  uot  been  proveu  for 
every  cell  or  every  species  of  cell.  This  defiDition  of  infection  caoBot 
justly  bo  limited  to  the  bacteria  or  fission  funj^.  Most  of  the  infec- 
tiims  agents  yet  known  are  certainly  bacteria ;  but  the  j>lasmodiuiii  of 
malaria  is  an  exception,  and  the  probabilities  are  that  other  cases 
exist.  Our  moHDS  for  demoustratiuy  the  bacteria  are  fairly  satisfac- 
tnry,  but  a.'i  much  cannot  l)e  .said  of  most  of  the  protozoa,  and  it  is 
porliaps  because  of  this  imperfection  of  methods  of  investigation  that 
so  many  infectious  diseases  have  successfully  resisted  efforts  to  dis- 
cover their  efficient  causes.  .  .   . 

"  To  explain  why,  under  natural  conditions,  some  diseases,  such  as 
the  exanthemata,  are  usually  transmitted  b\'  contagion,  other  dis- 
eases, such  as  typhoid  fever  and  cholera,  only  infrequently-,  and  still 
other  diseases,  such  as  malaria,  never  by  contagion,  it  is  neces- 
sary to  consider  tlie  clianuela  by  which  tlie  virus  is  eliminated, 
if  at  all,  from  the  lM>dy.  If,  as  in  the  case  of  malaria,  the  virus 
is  not  discliarged  at  all  from  the  body,  then  of  course  there  is 
iiii  ]>ossibility,  nuder  the  conditions  of  natnre,  cif  the  communicatiou 
of  the  disease  from  ooo  person  to  another.  If,  as  in  the  case  of  chol- 
era and  of  typhoid  fever,  the  virus  is  discharged  only  by  way  of  the 
f;vc(>s,  then  coutagifm  is  jiossible,  but  it  is  uot  likely  to  occur  with 
ordinary  care  and  cleanliness.  If,  as  in  tiio  case  of  scarlet  fever, 
measles,  and  smallpox,  tlje  virus  is  eliminated  from  the  skin  and  ad- 
heres 1(>  thin  Hcalt's  of  e]>ideriiiis  \vl\icli  can  be  reatlily  transported 
through  the  air,  then  conbigiun  is  likely  to  be  a  common  occurrence. 
It  is  not  to  be  inferred  that  the  mode  of  elimination  of  a  virus  is  the 
Si  lie  factor  iu  determining  the  degree  of  conhigion  of  a  disease.  Of 
couv.se  (ither  important  factors  must  be  taken  into  consideration,  such 
a.s  the  degree  of  resisUiuce  of  the  vims  to  drying,  the  chances  of  its 
being  conveyed  into  the  air,  its  (piantity,  etc.,  as  well  as  tlie  degree 
of  susceptibility  which  exists  on  the  jiart  of  those  exposed,  and  the 
portal  througli  which  the  virus  must  enter  iu  order  to  cause  infection. 
This  shnuld  be  a  more  rational,  fruitful,  and  satisfactory  way  of  re- 
garding the  infectious  diseases  than  to  wander  among  the  mazes  of 
miasmatic,  i-ontagious,  and  miasmatic-contagious  diseases,  and  to 
imagine  that  in  some  diseases  the  \inis  is  eliminated  iu  a  potent 
state,  and  in  others  in  a  state  requiring  some  subsequent  transforma- 
tion to  make  it  poti^nt. 

"  WyHsokowitch   has  shown  tlnit  non-i)athogenic  bacteria  injected 

into  the  blood  of  animals  in  a  few  hours  tlisappear  from  the  blix>d 

%■  and   are   dejiosited   iu   certain   organs,  especially  the  liver,  spleen, 

nd  marrow  of  the   bones,  whence  they  also  disapi>ear,  as  a  rale, 
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in  a  short  time.  They  are  not  eliminated  by  the  uriue  or  any 
other  secretion,  and  his  experiments  justify  the  statement  that 
the  specific  germa  of  infections  diseases  can  he,  and,  in  cases 
of  recovery,  doubtless  often  are,  destroyed  within  the  body ;  and, 
contrary  to  what  many  have  believed,  the  kidneys  and  intestiuos 
fjiuuot  be  regarded  as  important  means  of  freeing  the  body  from 
microorganisms  which  Lave  gained  access  to  the  blood.  When  the 
si>ecific  microorganisms  of  an  infectious  disease  are  found  in  the  urine 
f»r  in  tlie  fieces,  it  may  be  infei'red  that  the  genito-uriuary  and  the 
idimentary  tracts  respectively  are  the  seat  of  some  lesion  produced 
by  these  organisms.  These  experiments  justify  also  the  inference 
that  the  specific  viruses  of  infectious  diseases  are  disclmrged  from 
those  free  surfaces  which  are  themselves  the  seats  of  the  character- 
istic lesions  of  the  disease,  as  for  instance  frf>m  the  respiratoiy  tract 
in  pulmonary  tuberculosis,  lobar  jmeumouia,  whooj^ng-cough,  ilipli- 
theria;  from  the  skin  in  scarlet  fever,  measles,  smallpox,  typhus 
fever,  erysii)elas;  from  the  intestines  in  typhoid  fever,  cholera;  frnm 
the  urethi-a  or  vagina  in  gonorrhuja  or  syphilis.  For  several  dis- 
eases, however,  there  are  no  satisfactory  data  for  determining  in  what 
manner  the  special  poison  is  eliminated,  as  in  cerebrospinal  fever  and 
relapsing  fever.  We  are  ignorant  as  to  whether  luicroorgauisms  may 
Ijo  eliminated  by  the  breath,  although  it  is  a  common  notion  that  this 
occurs.  In  view  of  the  experiments  showing  the  difficult \  with  whicli 
microorganisms  are  dettwhed  from  moist  suj-faces  by  currents  of  air, 
it  seems  improbable  that  they  can  be  convoyed  from  the  Ixnly  by  the 
breath.  Of  course  if  they  were  set  free  by  tlie  expulsive  efl'ort.H  of 
coughing,  they  might  be  carried  on  by  the  respiratory  current,  but  it 
is  at  least  very  questionable  whether  in  ordinary  breathing  jtarticulate 
substances  can  bo  thus  transmitted,  and  the  evidence  at  luiud  is  all 
against  their  l>eiug  bo  transmitted. 

"The  general  conclusions  seem  tfl  be  warranted  that  every  infi'c- 
tious  disease  has  its  infectious  element,  but  that  whi'thor  or  not  that 
disease  is  likely  to  be  propagated  as  a  contagious  one  dejieudH  upmi 
various  circiimstanccs,  among  which  the  mode  of  cliniinatiou  of  the 
virus  from  the  Iwdy  is  of  the  utmost  importance.  Tlio  (juestiou  of 
the  reprmluction  of  infectious  microorganisms  outside  of  tlx'  IhmIv, 
although  it  has  not  all  of  the  significauce  sometimes  attached  to  it,  is 
nevertheless  one  of  much  interest  to  the  medical  ]irofession  iu  this 
country'  and  in  England,  and  it  i.s  not  conceivable  how  there  can  still 
bo  distinguished  authorities  who  deny  that  epidemics  of  typhoid  fever 
or  of  cholera  are  ever  attributable  to  drinking-water,  and  yet  in  fler- 
many  there  are  hygienists  who  are  very  strongly  ojiposed  to  what 
they  call  the  drinking-water  hypothesis.     It  is  doubtless  true  that  we 
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are  often  too  ready  to  accuse  the  drinking-water  in  an  outbreak  of 
typhoid  fever,  and  at  the  same  time  if  medical  evidence  is  worth  any- 
thing, tliere  see  ins  to  be  no  room  for  doubt  that  mau^-  epidemics  of 
typhoid  fever  liave  been  at  any  rate  started  by  contamination  of  a 
water-supply  witli  the  typlioid  virus.  Although  as  shown  by  Sedjj;- 
wick's  work  for  the  MiiHSiichusetts  State  Board  of  Health,  the  con- 
tamination of  a  milk  supply  from  an  unsuspected  source  in  as  danger- 
ous a  meaus  of  transmission  as  any  yet  known.  Meade  Bolton  has 
shown  the  iniportuut  fac-t  tliat  mtist  ]»athogeuie  microorganisms  do 
not  multiply  in  water  sufficiently  pure  for  drinking  purposes;  not 
only  this,  but  if  they  do  not  contain  spores  most  of  tliem  are  destroyetl 
iu  a  very  short  time,  varying  from  a  few  hours  to  days.  These  experi- 
ments are  not  opposed  tt)  the  view  tluit  epidemic  infection  can  occur 
thnuigh  drinking-water,  but  only  make  it  necessary  to  suppose  that 
a  single  infection  of  the  drinking-water  with  iufectit)us  oi-ganisms 
would  not  suffice  for  an  epidemic  lasting  more  than  a  few  days.  To 
keep  up  a  Inug-coutiuued  e[)idemic  by  means  of  contaminated  tlrink- 
iug-watcr  tliero  munt  be  some  communication  lietween  the  water  and 
some  focus  iu  which  tlie  disease-producing  organisms  are  present  in 
large  num1>ers,  or  are  multiplying.  This  is  iu  harmony  with  the 
fact  that  repeatedly  iu  epidemics  traceable  t()  the  water,  communica- 
tions have  been  proven  to  exist  Imtweeu  the  water  aud  cesspools, 
drains,  privies,  or  otlier  possible  foci  of  iufectiou.  In  considering 
water  a.s  a  source  of  infection,  one  must  remember  that  tliis  can  occur 
not  only  by  drinking,  but  also  by  the  use  of  the  water  in  cooking,  and 
iu  washing  dishes  subsequently  used  to  contain  food. 

"As  regards  the  means  of  transportation  by  which  the  agents  of 
infection  are  convined  from  external  object*)  to  the  body,  the  most 
important  is  believed  t<j  be  the  air  by  those  who  laj'  the  most  stress 
uiiou  the  iutluenco  of  the  soil  in  the  sjiread  of  epidemic  diseases.  It 
seems  jirobable,  however,  that  too  great  a  role  has  been  assigned  to 
tliB  air  as  a  carrier  of  c<mtagion.  The  fact  has  already  been  men- 
tinned  tliat  currents  of  air  are  incapable  of  lifting  bacteria  from  moist 
surfaces.  Niiogeli  has  shown  also  that  if  bacteria  be  dried  with  their 
natural  gelatinous  envelo[ies  or  free  allniminous  substances,  they  are 
in  much  the  sunie  physicid  condition  as  insects  attached  to  a  surface 
.  b}'  mucilage,  and  cannot  be  carried  away  by  the  air  unless  they  are 
first  converted  iuto  a  dust-like  powder.  If  it  be  furthermore  consid- 
ered that  some  bacteria  are  destroyed  by  comi)leto  desiccation,  it  is 
evidtmt  that  these  facts  coni[>cl  us  to  restrict  within  much  narrower 
limits  than  most  writers  have  done  the  importance  of  the  air  iu  the 
transportation  of  agents  of  infectifm.  Still  tliere  remains  evidence 
enough  that  the  virus  of  some  diseases,  ntitably  of  malaria,  and  prob- 
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ably  of  yellow  fever,  may  be  and  often  is  conveyed  tLronyh  the  atmos- 
phere. A.S  infeetiou  throu^'h  the  air  is  sometliiny  wliicli  we  bave  no 
mean.s  of  coiuhatiug,  it  is  encouraging  to  learn  tLat  tliia  resistless  fate 
has  a  narrower  sway  than  we  ba*l  l)ef>n  led  to  believe. 

"There  are  many  grounds  for  supposing  that  tbe  chief  means  of 
infectifiu  are  liy  actual  contact  in  one  waj-  or  another  with  the  agents 
of  infection.  The  conviction  nf  the  truth  of  this  statement  is  iKirue  in 
almost  irresistibly  upon  one  who  baa  engaged  extensively  in  the  cul- 
tiTation  of  microorganisms.  I  have  kept  for  weeks  at  a  time,  side  liy 
side  in  a  sterilized  dish  to  wliich  filtered  air  had  free  access,  two 
watch-glasses,  one  containing  a  culture  of  the  typhoid  bacilli  in  Ix^i  f 
tea,  the  other  containing  simply  sterilized  beef  tea.  During  this 
time,  notwithstanding  its  close  proximity  to  the  typhoid  culture,  tlie 
beef  tea  in  the  second  glass  remained  i)erfectl>-  juire,  without  a  trace 
of  contamination  from  its  neighbor.  Many  illustrations  of  the  same 
l>rinciple  might  be  drawn  from  the  work  of  a  bacteriological  lahura- 
torj'.  We  studj'  the  exjiosed  cultures  of  such  iiathogeiiic  orgauisius 
as  the  anthrax  bacilli,  the  cholera  spirilla,  the  glanders  bacilli,  ai.il 
run  no  risk  of  infection  from  these,  so  long  as  we  do  not  come  into 
contact  with  the  cultures.  There  is  one  olisen'ation  which  we  snnir- 
times  make  in  our  laboratories  in  summer  which  is  not  without  its 
practical  bearings.  This  is  the  readiness  with  which  microorganisms 
may  be  disseminated  by  flies  and  other  insects.  U]>ou  the  socallcd 
plate  cultures  we  can  sometimes  trace  the  devious  wandcriiigs  of  im 
insect  by  the  colonies  of  microorganisms  whicli  it  hjis  phmted  iu  its 
course.  The  ajiplication  of  this  experience  to  a  possible  moans  of 
transportation  of  the  special  organisms  f>f  infectious  disease  is  t<»> 
apparent  t<j  need  further  elucidation.  There  are  of  course  thousands 
of  ways  in  which  we  can  inadvertently  come  into  contact  with  sourci  s 
of  infection.  This  teaches  us  that  it  is  an  error  to  construct  exchisi\o 
theories  on  infection,  such  as  are  expressed  by  the  terms  'soil  hypntl.- 
esis,'  'drinking-water  byiiothesis,'  etc.  Of  the  various  factors  enter- 
ing into  the  causation  of  infectious  diseases  none  is  more  obscure  tliiiii 
that  desigmited  iiredisjiositiou,  and  yet  this  is  a  factor  with  which  we 
must  undoubtedly  reckon. 

"It  cannot  be  said  that  the  increase  in  our  knowledge  wmceruing 
the  specific  causes  of  infectious  iliseases  has  illuminated  to  any  great 
extent  what  is  meant  by  predisiwsitiou,  rerhii]>s  the  iiKisfc  jxisitive 
addition  to  our  knowledge  in  this  direction  has  been  the  demonstra- 
tion of  tiie  impoiianee  of  preexisting  disejises  or  lesions  of  structure 
in  affording  reatly  means  of  iugi-ess  and  suitable  coiiditii>us  fi>r  the 
lodgment  and  growth  of  pathogenic  microorganisms  within  tho  liody. 
Ill  this  connection  attention  may  lie  caUed  to  the  experiments  of 
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\Vj-88okowitch  and  of  Pruddeu,  wliieli  show  the  uei'essity  of  previous 
alterations  of  stnieture  in  the  cardiac  valves  before  they  are  adapted 
for  the  lodgment  and  development  of  tlie  microorgauisms  which  cause 
ulcerative  eudocarditiH.  Grawitz  has  shown  that  the  bacteria  of  auj)- 
jmratiou  may  l>o  injected  in  large  t|uantity  into  the  healthy  i>eritonpal 
cavity  without  doing  any  damage,  but  that  they  set  up  suppurative 
peritonitiH  if  they  meet  these  wounded  tissues,  stagnating  fluids,  or 
so-called  dead  spaces  from  which  they  are  not  reatlily  aljsorbed. 

"  It  may  lie  well  to  say  that  possibly  we  are  at  present  in  the  habit 
of  iwsigniug  too  great  importance  tf>  itredisposition  as  a  factor  in  the 
causation  of  iufpcti<iiis  diseases.  It  is  such  a  convenient  refuge  that 
we  are  t«nii>ted  to  bury  in  it.s  obscurity  many  etiological  facts  which 
we  cannot  readily  explain.  AMiile  I  would  not  by  any  means  ignore 
the  importiiuce  of  hereditary  predisposition  to  tuberculosis,  is  it  not 
jirobable  that  cases  are  often  iuohuleil  in  the  category  that  do  not 
belong  there'?  ^lien  we  think  of  the  sjieeial  diuigers  of  infection  to 
which  tlie  offspring  of  tuljerculous  parents  are  exi>osed  from  their 
youth  upward,  of  the  likelihood  that  a  child  will  follow  an  occupa- 
tion which  has  favored  the  development  of  phthisis  in  a  parent,  and 
of  the  fre(jueucy  with  which  the  concurrence  f>f  the  disease  in  ancestor 
and  descendant  is  mere  coincidence,  it  is  apparent  that  we  are  in  dan- 
ger of  assigning  to  lieredity  a  larger  part  in  the  causation  of  tubercu- 
losis than  it  deserves." 

Intluexce  Of  Race. 

iho  difference  iu  susceptibility  of  different  races  of  men  to  infec- 
tious diseases  is  very  marked.  Bucliner,  iu  discussing  the  influence 
of  the  )>athogenic  bacteria  n|)on  man,  insists  that  a  marked  tlifference 
must  Im^  made  between  "ectogenous"  infection  (iu  which  the  bacteria 
can  flourish  outside  of  tlie  body,  the  locality  of  the  disejise,  and  then 
jiH.sH  into  the  bodyl  and  "endogenous"  infection  (in  which  the  plant 
riourishes  only  in  the  diseased  body,  and  jiasses  from  the  diseiised  to 
the  well) .  To  the  "  ectogenous"  iuft 'cti<  ms  lielongs  that  disease  spread 
over  tlie  whole  earth,  niahiria,  iu  all  its  forms— intermittent,  remit- 
tt'Ut,  pernicious,  etc.  So  far  as  malaria  is  concerned,  it  seems  to  be 
umiuestionalily  the  case  in  Africa  that  the  native  population,  and  in 
p;irticuhir  tlie  negro,  h;w  a  jpci-uliiir  resisting  jiower  as  compared  with 
tlie  Eariii»eau ;  and  indeed  this  is  true  also  of  another  ectogenous  dis- 
ease, yellow  fever.  The  opposite  of  this  is  true,  however,  of  the 
"endogenous"  disea.ses.  All  accounts  show  tiiat  the  negro  has  a 
peculiar  susce]itil)ility  to  sniall|if>s,  although  this  disease  is  common 
iu  Africa,  ami  the  same  thing  is  true  iu  regard  to  jmlmonary  tul)er- 
(•ulosis,  to  which   infection  negroes,  Polynesian  Maoris,  and  many 
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other  uncivilizetl  i>6ople8  are  peculiarly  BUBceptible.  The  mortidity 
cumiot  be  laid  eutirely  to  tie  tloorof  hatl  living  in  these  native  rat'cs, 
which  uudoubtedly  is  greater  than  iu  Europeaus.  If  their  iieculiar 
susceptibility  to  smallpox,  tuberfuloais,  etc.,  can  l>e  attributefl  to 
bad  livinji  and  generally  unhealthy  surroundiugs,  the  same  thiuj^ 
should  be  true  in  regard  to  maJuria  and  yellow  fever.  lu  other  endog- 
euouH  disea-ses,  like  measles  and  influenza,  the  relative  susceptibility 
of  the  European  is  less  than  that  of  the  colored.  IJeril)eri  shows  its 
endogenous  cliaraeter  by  affectiDg  natives  more  fre(iueutly  than  for- 
eigners. 

There  afipears  to  be  a  general  law  that  Eurojieans  have  a  relative 
immunity  to  the  endogenous  diseiises,  a  relative  susceptibility  to  the 
ectogenous,  while  the  colored  races,  especially  the  negro,  have  directly 
the  opposite  characteristic.  The  relative  iiiiiunuity  of  the  colored 
races  to  the  ectogenous  infectious  diseases  ajqtears  to  be  an  iuherited 
characteristic.  So  it  is  not  remarkalile  that  these  races,  in  general  of 
slight  resisting  ]>ower,  should  show  a  relative  immunity  to  malaria 
and  yellow  fever,  but  a  further  conclusion  iw  of  the  utmost  imiKirtaiice 
as  affecting  European  colonization,  namely,  that  the  Eurojiean  I'aces 
cannot  obtiiin  a  similar  resistance  to  the  ectogenous  infectious  dis- 
eases until  after  many  generations  iu  the  same  climate.  So  that,  ac- 
cording to  Buchuer,  the  fate  of  the  European  in  tropical  climates 
could  be  predicted  on  theoretical  grounds,  and  this  has  never  bei'n 
falsified  by  the  actual  cccurreuces.  Many  territories  whose  climate 
was  goml  l>efore,  became  malarious  when  the  cultivation  of  the  land 
was  lieguu,  aud  iu  lK)t  climates  turning  over  the  soil  seems  often  to 
set  free  the  fever  germs.  To  become  acclimated  is  the  only  way  to 
avoid  the  illnesses  customary  upon  a  change  of  climate,  aud  this 
"acclimating"  must  go  an  through  a  ninuber  <>f  generations  and 
slowly,  the  tiual  result  very  likely  being  an  entirely  new  racial  ]irod- 
uct.  This  process  is  probably  iihistrate<l  iu  the  case  of  the  South- 
African  Boers,  who  havea])|)areutly  very  widely  defuirtril  in  the  cmnsi' 
of  their  develo]>meut  from  the  racial  jieculiarities  of  the  Dutch  from 
whom  they  came. 

This  susceptibility  of  native  races  to  wiiecial  infections  diseases  is 
also  shown  iu  the  statistics  collated  by  Matthews.  The  fact  of  tin' 
large  mortality  among  full-blooded  Indians  being  recognized  (in  18W). 
Iteing  17.74  iu  1,000  for  whites,  17.28  for  negroes,  '2'A.Ci  for  ItKliansi, 
the  search  for  the  reason  of  it  was  much  aided  by  Billiiigs'  statis 
tics.  By  these  it  ajipears  that  in  11  diseases  the  negro  h.is  a  higher 
death-rate  than  the  Indian,  aud  that  in  R  the  Intliitii  has  a  higher 
than  the  negro;  these  8  are  diarrho'al  diseases,  measles,  scrofula, 
tabes  mesenterica,  venereal,  aud  esi>ecially  lung  diseases.     The  mor' 
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tiility  in  these  latter  among  Indians  is  286  in  1,000  deaths,  but  only 
18G  in  1,000  among  negroes;  and  this  difference  is  still  more  marked 
l>etween  the  whites  and  the  Indians,  being  for  the  former  166  deaths 
in  1,000.  This  susceiitibility  of  the  Indians  to  Iiiug  troubles  ia 
ascrilied  by  Matthews  to  "  contact  with  civilization. "  The  Indians  live 
t-ither  confined  to  very  narrow  limits  or  entirely  free.  The  mortahty 
from  phthisis  for  those  restricted  in  their  movements  is  184  in  1,000, 
for  the  free  373  in  1,000.  These  numbers  are  very  striking,  but  not 
in  accord  with  the  general  mortality  of  the  disease.  Matthews  col- 
lected tlie  mortality  statistics  of  diseases  of  the  lungs  among  the 
Indians  in  13  Sfaites  and  Territories,  and  compared  these  with  the 
general  morbility  from  lyhtliisis.  He  esfciblished  by  this  mejins  that 
tlio  mortalily  from  lung  diseases  was  higher  among  the  Indians  liv- 
ing east  of  the  Mississippi,  and  therefore  longer  in  contact  with  civi- 
Jization,  while  it  was  much  lower  among  those  living  west  of  the 
iIiHsis.si]ijii ;  and  that  tliis  was  far  above  the  general  mortality  rate, 
even  two  or  three  times  as  great.  Furthermore,  the  statistics  for  sin- 
gle years  from  187.5  to  1880,  Ijecause  of  errors,  give  no  certain  results 
as  to  the  general  uumliers  of  lung  trouliles  among  ludiaus  on  the 
same  reservation.  For  these  and  other  reasons  the  conchisiou  has 
been  reached  that  lung  disea.se  among  the  Indians  increases  under 
tlie  intlnence  of  civilization,  and  manifests  itself  as  a  disease  that  be- 
longs to  a  foreign  and  more  highly  developed  race,  and  that  climatic 
iutliieuces  have  no  effect  ni)on  it.  At  ]irecisely  what  stage  in  the 
di'vehjjimental  civilizatinu  nf  the  Indian  this  susejitibility  to  lung 
disea.ses  occurs  the  author  dues  not  make  perfectly  clear. 

("aISAI.   l^KI.ATtOX   OF   MlCR00RG.\KlSM8. 

Dosarji'  of  Bacltri'i. — In  the  earlier  investigations  concerning  the 
infectious  diseases  not  so  much  imjiortanco  was  attached  to  the  size 
of  t/ic  (/u.sc  of  the  bacteria  as  this  him  been  later  shown  to  possess. 

Cheyne  first  called  attention  to  the  matter.  His  first  experiments 
weri''  made  with  the  proti'us  vulgaris  of  Hauser,  a  ])yogeuic  bacillus. 
A  jiure  cidture  injected  subcutaneously  iu  a  rabbit  in  a  dose  of  y'^  c.c. 
ju'oduced  di^atli  iu  from  twenty -four  Ili  thirty -six  hours ;  the  blood  and 
the  organs  contained  very  few  bacilli.  It  is  therefore  i)robabl6  that 
iu  animals  rapid  death  following  the  injection  of  large  amounts  of 
this  bacterium  is  due  to  tlie  alisorption  of  some  toxic  material  secreted 
by  it.  If  smaller  dnses  (f'„  c.c.)  be  used,  the  result  is  an  abscess  of 
slow  formation,  to  which  the  animal  succumbs  generally  at  the  end 
fif  six  to  eight  weeks;  in  sfualler  doses  still  the  abscess  is  still  more 
slow,  and  the  animal  ultimately  recovers;   and  finally,  there  is  no 
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effect  whatever  produced  b.v  the  use  of  extremely  small  doees.  Counts 
made  with  the  aid  of  plate  cultures  showed  that  a  perfectly  harmless 
dose  cousisted  of  9,000,000  bacteria  or  less;  that  au  abaeess  resulted 
after  iujectiug  from  y,0(X),000  to  112,000,000,  while  a  dose  of  from 
225,000,000  upwards  very  rajiidly  produced  death.  The  iujeetiou  of 
a  siii/jle  bacillus  of  authrax  under  the  skiu  of  a  jjuiuea-pig  (an  extremely 
susceptible  auimal)  produced  death,  as  did  that  of  a  ainj;le  bacillus  of 
mouse  septictemia  (the  count  bein^  made  by  means  of  plate  cultures). 
A  very  few  of  the  bacilli  of  chicken-cholera  iujected  under  tlie  skin  of 
n  rabbit  prtiduce  a  fatal  result,  Imt  if  an  animal  more  refnictxjry  be 
taken,  like  the  jjuiuea-pig,  it  is  necessary  to  inject  BCK),(KX)  bacteria  in 
<irder  to  produce  death,  smaller  numbem  ouly  produce  a  local  eflVct, 
ami  a  dose  of  less  than  10,000  gives  no  result  at  aU.  Similar  results 
were  obtained  upon  iisiny  the  bacillus  of  rabbit  seiitiejcniia  iu  guiuea- 
jiigs,  and  the  staphylococcus  pyogenes  aureus  in  subcutaneous  in- 
jection; a  large  dose  killed,  a  small  one  i>roduced  an  abscess.  The 
same  thing  was  also  worked  out  with  the  bacillus  of  sputum  septi- 
cieniia,  and  the  micrococcus  tetragenus. 

These  results  can  be  compared  with  those  of  Chauveau,  wlm  fimud 
that  large  doses  of  anthrax  could  overcome  the  irauiuuity  of  Algerian 
sheep  to  this  disease;  and  the  work  of  Arloiug,  C'ornevin,  and 
Thomas,  who  demonstrated  that  small  doses  of  anthrax  ])roduced 
only  a  slight  distiirbance  with  a  resulting  immuuity  ;  aud  that  of 
Pasteur  himself,  who  showed  that  the  inoculation  of  extremely  minute 
<|uantities  of  the  cord  of  a  rabid  animal  does  not  juoduce  the  disease. 
Cheyue  came  to  the  following  conclusions:  1.  The  pathogeuic  dose 
of  \-irus  is  in  iuverse  projiortion  to  the  degree  of  susceptibility  of  the 
animal  to  the  disease  iu  question.  2.  When  an  animal  not  especially 
susceptible  receives  an  injection,  the  severity  of  the  result  is,  iu  a 
certain  degree,  in  direct  projjortion  to  the  amount  of  the  vims  in- 
jected. 3.  To  a  certain  extent  the  period  of  inculwtion  is  iu  iuverse 
ratio  to  the  (juantity  of  vims  used.  4.  In  certain  cases,  small  doses 
of  the  virus  protect  against  the  fatal  effects  of  later  and  stronger 
doses.     These  conclusions  hold  to-day. 

Inflammation. 

The  discnssioD  as  to  the  cause  of  inflammation  has  had  nuicli  to 
■do  with  the  development  of  our  ideas  iu  general  iu  regard  to  iufec- 
tiou.  It  would  still  appear  as  if,  for  all  practical  jiurpo.ses,  inflam- 
mation with  suppuration  does  not  occur  without  tlie  jircsence  aud 
activity  of  bacteria;  that  is  to  say,  that  by  far  the  greater  uundwr  of 
cases  of  such  inflammation  occurring  iu  practice  are  the  result  of 
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bacterial  growth.     But  this  ^dew  does  not  accord  with  that  taken  by 

many  writers. 

Regarding  indammation  as  a  process  characterizeil  bj  the  forma- 
tion of  pus  and  having  its  seat  iu  the  capillaries,  Sanderson  shows 
that  this  is  essentially  the  result  of  an  iujury  doue  to  the  tissues  by 
chemical  ageut*i  of  a  certain  intensity,  uud  that  the  dictum  of  Weigert, 
"no  suppuration  without  bacteria,"  is  untenable.  In  fact  he  aaserta 
that  the  proxiiuato  cau.se  of  inflammation  in  always  chemical,  and  tu 
ju.stify  this  projiositiou  he  endeavom  to  show,  first,  tliat  inflammatiou 
(that  is  suppuration)  can  be  produced  by  chemical  t^ents  iu  the  alt- 
seuce  of  microjihytes,  and,  secomUy,  that  when  it  is  produced  by 
UHcrui)liytes  tlie  action  is  cliemical.  The  second  point  he  thinks  in 
sufficiently  i-stabliKhed  by  a  series  of  observations,  extending  over 
about  eight  years,  made  by  a  number  of  comjveteut  bacteriologists. 
The  essential  feature  of  tliese  luethud.s  of  experiment  is  to  intnxluce 
sterilized  irritant  ]i<|uids,  either  sulwutaueoualy  or  into  serous  cari- 
ties,  using  precautiniis  to  preclude  tlie  entrance  with  them  of  micro- 
])li.vtes. 

One  of  the  firat  of  the  more  exact  investigations  on  the  subject  was 
tliiit  I  if  t'onncilniau,  and  consisted  first  iu  charging  capillary  tulies 
with  tint  li(|uid  tn  be  exi»eriiiiented  with,  closing  the  ends  hermeti- 
cally, and  then,  after  sterilizing  the  tubes  and  its  contents,  introtluc- 
ing  it  under  tlie  skin  and  cjusing  tiie  wound  aseptically.  After  it  had 
rt'iiiained  sc^vi-ral  days  it  was  brnkeu  witli  the  fingers  Hulx'utaneou.sly 
HO  as  to  diacharge  its  contents.  Similar  experiments  were  jyerformed 
Ijy  Sclieuerli^iu.  who  substituted  fusiform  for  cylindrical  tubes,  and 
contrived  to  iutrmbu'e  the  contaiucd  Huid  very  slowly  into  the  8ul>- 
cutaneoua  tissue  and  the  peritoneal  cavity.  Tlie  chemical  substances 
used  were  very  various— mercury,  niti'at4'  of  silver,  turi>entine,  crotou 
oil,  etc.  ^Mercury  was  found  ht  produce  supjiuratiou  iu  the  dog,  but 
not  in  the  rabbit.  When  injected  hypodermically  in  the  dog,  each 
droj>  1>ec«!ne  the  centre  of  a  minute  abscess.  Silver  nitrate  in  five- 
per-cent,  solution  jiroibiced  suppuration  iu  the  dog,  but  not  in  the 
rodi'ut.  .Viiimonia  failed  to  produce  pus  iu  any  animal.  Turpentine 
produced  snp[inratinn  with  great  certainty  iu  the  camivora.  The 
action  I  if  croton  oil  was  similar  but  inferior.  In  all  these  exjieri- 
nieuts  tilt!  materials  used  were  sterilized,  and  introduced  with  the 
most  rigid  antiseptic  jirecautions,  and  the  pus  obtained  was  te.sted  by 
I'ulfivatinii,  and  cuver-glass  prejiarations  were  subjected  to  micro- 
scopic ,scrutin\.  Tn  every  instance,  provided  the  experiment  was 
jiroperly  i>erf(>rtaed,  the  inflammatory  exudation  fluid  was  sterile. 
Tiiese  experiments  seem  to  show  not  only  that  suppuratiim  can  be 
brought  about  witiiout  the  coiicurri'uce  nf  microljes,  but  that  the 
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readiness  with  wliich  pus  is  formed  dei>eiid8  upon  conditions  which 
belong  to  the  animul  rather  than  to  the  noxa.  In  tbe  doj;  a  sterile 
abscess  can  be  produced  with  ease  with  such  different  agents  as  mer- 
cury and  turfteutine,  but  it  is  much  more  difficult  to  obtain  the  result 
in  a  rodent. 

The  other  iwint  in  Sandereon's  contention,  that  when  microor(j;au- 
isms  are  directly  concerned  in  the  production  of  iuflammatinn  the 
mode  of  action  and  the  proximate  cause  are  still  chemical,  ia  based 
on  the  fact  that  not  only  in  the  case  of  the  staphylococcus,  but  in  that 
of  many  other  micrococci,  the  symptoms  that  result  from  tlie  pres- 
ence of  the  microphytes  themselves  in  the  living  organism  can  also 
be  produced  by  the  soluble  chemical  products  of  the  vegetation.  So 
long  ago  as  1878  Pasteur  showed  that  cultures  of  the  "  microbe  geue- 
rateur  du  pus,"  which  had  been  sterilized,  were  as  capable  of  pro- 
ducing abscesses  as  living  cultures  were,  and  that  the  resultiug  pus 
was  sterile;  but  it  was  not  uutil  1887  that  Grawitz  made  similar  ex- 
periments with  piire  cultures  of  pyogenic  microljes,  particularly  with 
the  ordinary  staphylococcus.  Sinc«  then  varioua  other  experimenters 
have  investigated  the  subject  in  relation  to  this  and  other  jjus-jiro- 
ducing  microphytes,  with  the  general  result  that  in  carnivura  sterile 
abscesses  can  be  produced  with  the  same  certainty  by  the  introduc- 
tion or  injection  of  devitalized  cultures  of  stajihylococcus  as  by  that 
of  turpentine  or  mercury.  In  rabbits,  when  a  Cohuheim's  tulie 
charged  with  such  sterilized  cultivation  is  used,  the  same  phenome- 
non jjresents  itself  as  if  the  tul)e  contained  croton  oil,  that  is  to  say, 
leucocytes  creep  in  at  the  end,  die,  and  form  ijus. 

Bionc  AND  Toxic  Agents. 

From  a  consideration  of  the  more  recent  accepted  investigations 
as  to  the  morbific  agent.%  in  tuberculosis,  typhoid  fever,  imeuiiiouia, 
tetanus,  and  diphtheria,  as  well  as  in  relapsing  lever,  splenic  fever  nf 
animals,  and  inflammation  or  its  characteristic  result,  suppuration, 
Sanderson  is  disposed  to  deduce  two  tyjtes  of  morVuiic  action,  viz., 
biotic  and  toxic.  Biotic  agents  act  mainly  by  virtue  of  their  endow- 
ments as  living  organisms ;  toxic  agents  chiefly  by  virtue  of  the  tox- 
ins which  they  produce.  That  is,  the  nexus  lietweeu  the  uinrbific 
agent  and  the  morbid  process  is  in  the  one  case  dissemination,  and 
in  the  other  diffusion. 

As  to  the  causal  relation  between  microphytes  and  the  diseases 
they  produce,  it  is  necessary  to  bear  in  mind  also  the  jiossible  sub- 
stitution under  certain  conditions  of  one  fii>ecies  for  another.  Recent 
researches  have  furthermore  taught  that  the  toxicity  of  a  disease- 
VoL.  Xin.-iu 
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Ijnxluciug  microphyte  is  even  more  easeutial  to  its  eflfecta  than  its 
adaiitiiljility  to  a  liviiig  uutritive  medium.  The  question  of  iti/cdion, 
therefore,  has  become  more  aud  more  chemical  and  less  morphologi- 
cal. The  employment  of  the  bacteriological  method  is,  however, 
none  the  less  ueceasary,  aud  the  pathologist  must  continue  to  jierfect 
himself  in  the  technique  that  Kt>ch  has  createtl.  If  the  questions 
appear  for  the  moment  to  be  chiefly  chemical,  it  is  only  that  we  have 
passed  from  the  form  to  the  substance,  from  the  agent  to  the  action. 
Our  interest  in  microphytes  is  not  as  Vxitanical  species  but  as  makers 
of  toxins ;  aud  in  toxins  not  as  chemical  compounds  but  as  disease- 
producers.  The  contest  iu  the  oryauism  between  invading  micrt>- 
I>hytes  aud  the  living  elements  of  the  invaded  territory  is  not  a  hand- 
to-hand  tight  between  tissue  elements  aud  microphytes  (Metchnikoff). 
but  one  in  whicli  both  act  (so  to  speak)  at  long  range,  in  which  the 
weai>ous  are  poisons  aud  counter-poisons,  toxins  and  anti-toxins — 
words  imi)lyiug  that  the  pathological  endowments  of  these  bodies  are 
antagonistic.  We  have,  im  the  one  hand,  products  allied  to  modem 
proteids,  to  ptomaius,  or  leucomaius,  on  the  other  hand,  the  old  vis 
medicatrix  naturna  or  vis  jirotectrix,  most  recently  designated  as  an 
attribute  of  the  liquor  sanguinis  (Behring  and  Kitasato). 

Influence  of  Se.«on. 

The  influence  of  the  time  of  year  upon  the  api»earance  of  infec- 
tious diseases  has  lx>eu  W(U-ked  out  liy  many  observers  from  statisti- 
cal data.  .^Iniquist  studied  measles,  typhoid  fever,  diphtheria,  chol- 
era, dysentery,  malaria,  cerelirospiual  meningitis,  smallpox,  scarlet 
fever,  whoojiing-cough,  typhus  fever,  infantile  diarrhoea,  pneumonia, 
aud  bronrliitis.  They  all  seemed  to  have  a  more  or  less  intimate 
reliitiouship  to  the  time  of  year.  As  a  result  of  his  work,  he  con- 
sidera  that  diarrhovi,  cholera,  dysentery,  and  typhoid  fever  are  sum- 
iiier-antnmn  diseases,  dijilitheria  a  winter  disease,  aud  pneumonia  a 
spring  disease,  wliile  tlie  others  range  themselves  TSTth  less  certainty 
iu  one  or  the  other  of  these  groups.  The  way  iu  which  the  time  of 
year  art'ects  tJiese  diseases  is  not  well  determined,  but  the  changes  of 
the  year,  the  outdoor  temperature,  tlie  mf>isture  of  the  air,  the  quality 
of  the  dwelling,  and  the  manuer  of  living,  etc.,  may  all  be  supposed 
to  have  some  iutiiiouee  in  this  direction.  Alniquist  thinks  that  the 
theory  of  the  grouud-water  iuflueuee  has  had  more  put  upon  it  than 
it  can  boar.  Of  course,  all  siu-h  points  must  be  considered  in  any 
roMioletn  Htiirlv  of  flip  iiiriiU'iicfn  hpjiriiiL'  imoji  infectioTi 
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FtETAL  Infection. 

The  transmission  of  the  infectious  diseases,  as  shown  by  Wolff, 
can  tbeoreticallv  occur  by  a  >jer»tinative  or  conceptional  infection, 
€.<j.,  an  infection  of  the  egg  bj  |>atLogenic  Ijacteria  before  the  actual 
impregnation  of  the  ovum,  or  during  the  act  of  impregnation  by  in- 
fetUeil  8|>emiatozoa,  or  else  by  a  placeutsil  or  intrauterine  infection  of 
the  foetus  during  its  developmeut.  His  experiments  were  carried  on 
with  anthrax,  vaccina,  and  variola.  The  experimeutw  relating  to  the 
transfer  of  authrax  from  the  mother  to  the  foetus  have  led  to  entirely 
opposed  resulta.  On  the  one  hand,  a  number  of  authors  (Brauell, 
Davaine,  Bollinger,  and  Koch)  have  come  to  a  negative  conclusion, 
while  on  the  other  hand  Koubassoff,  and  lately  Straus  and  Chamber- 
land  (who  at  first  held  that  it  could  not  occur)  have  nveu  roanou  to 
believe  that  a  transmission  of  anthrax  from  mother  to  foetus  in,  at 
least,  nut  an  impossibility. 

Nine  iireguant  guinea-[)ig8  and  rabbits  were  inoculated  sul>cutaue- 
ously  with  anthrax  spores.  The  animals  died  of  anthrax  in  times 
varying  from  thirty-six  hours  to  three  days.  Twenty-nine  of  the 
joung  were  examined  for  the  presence  of  anthrax  bacilli,  and  in  not 
one  did  the  micrascopic  examination  demonstrate  their  i»reaeuce ;  they 
were  found  in  a  large  number  of  cjises  in  the  maternal  iJacouta,  never 
in  the  chorion.  There  were  loG  cultures  made  frf>m  the  internal 
organs  of  the  29  foetuses,  of  which  150  showed  no  growth  of  anthrax 
bacilli,  but  C  did.  Lastly,  from  the  organs  of  the  29  fojtuscs,  29  con- 
trol animals  were  inoculated,  and  of  these,  3  (2  guiuea-jiigs  and  1 
white  mouse)  died  of  anthrax.  Straus  lays  sjiecial  stress  uj)Ou 
the  similarity  of  the  results  of  all  three  methods  of  iuvestigatinu 
— the  microscope,  cultures,  and  inoculation.  In  i»y  far  the  largest 
number  the  results  were  negative,  and  the  few  jxisitive  results  iu  the 
inoculation  and  culture  experiments  were  ascrilied  to  tlie  probable 
accidental  transfer  of  a  minute  portion  of  the  maternal  tissue  with 
that  of  the  foetus.  At  any  rate,  the  freedom  of  tlie  fietus  from  anthrax 
transferred  in  this  way  is  umjuestionably  the  most  common  coudititm. 
Whenever  the  transfer  of  anthrax  infection  from  mother  to  foetus  does 
occur,  there  must  be  some  special  cf)ndition  of  the  placenta  or  general 
system.  The  few  positive  results  nf  Straus,  Chamberland,  and  Kou- 
bassoff  cannot  be  considered  as  conclusive  since  tliey  were  uf)t  con- 
stant, and  since  Koubassofif,  moreover,  confined  himself  to  the  micro- 
scopical examination  of  the  tissues  alone,  and  neither  of  tlie  others 
carried  out  all  three  methods  of  investigation. 

Wolff  took  into  special  consideration  the  points  that  might  he 
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made  against  bim,  and  studied  therefore  wlietLer  the  age  of  the  preg- 
nancy, the  dunitiou  of  tin'  iiifoctiou,  the  structui*e  of  the  i>laoenta,  or 
the  comlitiou  of  the  Ijlnml  cmild  have  any  influence  iipnn  the  trana- 
niission  of  the  anthrax  bacillus  from  the  mother  to  the  foetos.  He 
ilemoustrjited  hy  injection  methods,  in  opposition  to  Koubassoff,  that 
there  is  no  direct  vascular  communication  Lwtweeu  the  mother  and  the 
foetus;  and  he  further  demonstrated  that  normally  the  placenta  is 
impasHable  for  unorganized  bodies  as  well  as  for  anthrax  bacilli,  and 
that  when  a  iiassage  of  the  latter  to  tlie  ftetus  does  occur,  some  patho- 
logical alteration  of  the  placenta  must  exist. 

The  second  of  Wolff's  investiKations  upon  vaccina  is  of  extreme  in- 
terest as  weW  as  importance.  He  attemjrted  to  settle  this  (juestion  by 
experiments  upon  human  l)eings.  His  methotl  was  to  inoculate  preg- 
nant women  with  pure  humanized  virus,  and  then  to  vaccinate  the 
babies  a  sliort  time  after  birth;  if  the  infants  were  immune,  this 
immiiuity  could  of  course  come  only  from  their  mothers;  if  not  im- 
mune, of  course  they  could  have  received  no  protective  principles 
from  their  mother's  blood.  Twenty  jiregnant  women  in  all  were  in- 
oculated ;  in  four  cases  there  was  a  full,  in  nine  cases  a  modifieil,  and 
in  three  cases  no  reaction  at  all ;  in  the  nine  cases  it  was  not  a  first,  but 
a  second  vaccination,  the  first  having  l)een  followed  by  typical  vesicles. 
Seventeen  of  the  babies  from  the  mothers  that  showed  reaction  were 
vaccinated  ou  from  the  first  to  the  sixth  day  after  birth,  and  all  seven- 
teen showed  tyjiical  vesicles  with  marked  reaction  of  the  skin  at  the 
site  of  the  vacciiiation.  These  observations  seemed  to  show  pretty 
conclusively  that  a  vaccination  of  the  mother  convej-s  to  the  foetus  no 
immunity  to  viiccine  inoculation,  and,  of  course,  therefore,  none  to 
variola  infection,  and  that  the  placenta  does  not  i^ermit  the  passage 
of  the  vaccine  coutagium  from  the  maternal  blood  to  that  of  the  fcetus. 
The  occurrence  of  complications,  such  as  syphilitic  alterations  of  the 
])laceuta,  and  pyR?mic  or  septicsemic  changes  following  vaccination, 
accoiayiaiiyiijg  which  it  ma.v  lie  found  that  the  fcetus  has  acquired  a 
certain  iiiiuHiiiity  aft<*i'  the  mother  has  been  vaccinated,  cannot  be 
considered;  mid  besidew  no  well-authenticated  case  of  this  sort  has 
been  rccf>rded. 

Filially,  as  regards  variola,  in  such  cases  as  have  been  reported, 
it  seems  probable  that  the  f(etus  has  l>een  infected  by  means  of  some 
8i)ecial  hemorrhage,  or  liy  actual  contact  in  passing  through  the  vagi- 
nal caual;  such  an  oxplauatiuu  would  seem  to  be  nmch  more  rational 
than  to  consider  that  the  infection  passes  through  the  j)lacentji  in 
ojiposition  to  the  PX]>erimeutal  evidence  here  offered.  Tliis  question 
has  l)een  taken  up  liy  many  others,  of  course. 

Maffucci  compresses  a  great  deal   of  information  into  the  ten 
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pages  of  his  article.  The  experiments  consisted  of  two  series,  the 
first  to  determiue  the  Ijehavior  of  an  already  develoi>ed  embryo  tow- 
ards an  iiifet'tion,  and  the  second  the  development  of  the  embryo 
after  the  infection  of  the  egg.  The  microbes  of  chicken  cholera, 
pneumonia,  anthrax,  tuljerculoaia  of  fowls,  and  mammalian  tubercu- 
losis, and  the  toxic  jiroducts  of  the  two  latter  were  employed.  In  the 
€xi)erimeut«  on  chicken's  eggs,  the  bacteria  were  introduced  in  the 
egg  albumen  during  or  before  the  brootliug  liegan,  and  the  eggs  were 
examined  at  different  lengths  of  bro*3ding  time,  some  of  them  being 
left  until  hatched.  When  iuociUation  was  made  at  the  beginning  of 
the  breeding  time  the  bacilli  first  entered  the  embryo  after  ten  ilays ; 
the  course  being  through  the  allantois  and  not  the  area  vaaculosa. 
In  inoculation  after  fourteen  days'  breeding,  after  the  complete  for- 
mation of  the  allantois,  the  bacilli  could  be  found  in  the  embryo  after 
a  few  hours.  So  long  as  the  embryo  lived,  the  bacilli  grew  either  in 
the  albumen  or  in  the  embryo;  the  embryos  were  not  susceptible  to 
an  infection,  although  the  living  embryo  might  contain  sufficient 
bacilli  to  kill  a  full-grown  animal;  in  the  embrvfiual  ti-ssue  they  could 
either  be  destroyed  or  their  virulence  might  Iw  diminished. 

The  infection  may  appear  after  the  hatching  ( tul>erculoBis  of  fowls ) . 
Fowl  tuberculosis  may,  a  long  time  after  the  hatching,  develop  iu  the 
liver,  may  heal  in  this  situation,  and  may  make  its  reappearance  iu 
the  lungs.  The  embryo  may  destroy  tlie  Imcilli  of  fowl  tuljerculoMis, 
or  may  become  marasmic  under  its  induence  and  may  die  of  this 
affection  a  long  time  afterwards  without  at  auy  time  mauifpMtiug  any 
trace  of  tuberculosis;  ihe  same  result  may  be  observed  if  the  toxin  of 
the  bacillus  be  injected  instead  of  the  living  cultures.  The  dt'.struc- 
tion  of  the  bacilli  by  the  embryo  does  not  make  this  insusceptible  to 
another  infection  later.  The  destruction  of  the  bacilli  wus  fouuil  to 
be  in  the  liver,  due  to  attacks  by  the  leucocytes  aud  eudotlielial  cells, 
a  prtwess  seen  only  in  the  last  days  of  the  breeding  time.  The  liiu^illi 
that  remained  iu  tlie  albumen  retained  their  viruleuce,  for  control 
animals  inoculated  with  the  albumen  died,  while  those  inoculated 
with  the  embryonal  tissue  or  with  cultures  made  from  the  embryoual 
tissue  remained  alive. 

In  the  second  series,  Maffucci  exijerimented  upon  rabbits  by  the 
injection  of  bacilli  of  tuberculosis  in  the  jugular  vein;  his  results 
were  very  remarkable.  The  young  of  jiregnant  mothers  show,  he 
said,  the  bacillus  within  four  (!)  hours  after  the  inoculation  of  the 
mother.  The  development  of  the  Imcilli  in  the  placenta  could  not 
be  determined  after  fifteen  day.s ;  they  circulated  iu  the  pliicpiitjd 
blood,  did  not  become  localized,  and  were  extremel\'  difficult  to  de- 
monstrate.    The   organs  of  a  foetus  from  a  mother  made   tuliercu- 
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loua  coutained  living  and  virulent  bacilli  within  forty-eiglit  hours 
after  the  jugular  inoculation.  Many  of  the  guinea-pigs  inoculated 
with  the  ftetal  organs  became  tuberculous  and  died  of  marasmus,  as 
when  inoculated  .with  dead  tuljercle  bacilli.  Rabbits  born  of  tuber- 
culous mothers  did  not  show  any  tubercles  six  mouths  after  birth; 
after  this  time  tubercles  could  be  found  in  the  liver  and  lung,  but 
bacilli  could  not  lie  found  in  these  tubercles.  All  the  observations 
showed  that  embryonal  tissue  behaves  very  differently  from  fully  de- 
veloiied  tissue. 

Dohrn,  also,  formulates  his  opinion  in  regard  to  the  hereditary 
character  of  syphilis,  after  long  observation  of  the  placenta,  ova,  and 
the  abortions  of  s\  philitic  mothers,  that  "  syphilis  is  only  transmitted 
by  conception,  and  the  spermatozoa  as  well  as  the  ovum  are  alike  in 
this  resjiect."  If  the  ovum  is  healthy  at  conception,  it  will  remain 
so  in  spite  of  a  sypliilis  subsequently  acquired  by  the  mother;  and 
the  healthy  mother  will  not  lie  infected  by  the  syphilitic  ftetus  in  the 
uterus.  The  syphilitic  poison  is  arrested  by  the  placental  wall  wheth- 
ther  from  the  ftetus  tn  the  motlier  or  from  the  mother  to  the  foetus. 

The  general  lielief  seems  to  be  that  Imcteria  themselvea  cannot 
pass  tlirougli  a  liealtliy  placenta  to  the  fcetus,  but  that  bacterial  prod- 
ucts may  do  so. 

Wolff  and  Fischl  also  make  interesting  contributions  to  this  sub- 
ject from  an  ex]ierimeutal  jiniut  of  view.  Wolff  shows  that  the  free- 
diim  of  till!  ftetus  from  anthrax  iu  an  infected  mother  is  the  rule.  In 
47  cases  examined,  HI)  of  the  fa'tuses  were  entirely  free  from  any 
indication  ai  the  disease;  so  nuii'h  so  is  this  the  case  that  even  when 
tilt"  jilaceuta  was  found  to  ho  tilled  with  the  bacteria  the  chorif>nic 
membranes  were  absolutely  without  any.  Since  the  placenta  builds 
a  wall  against  their  outranco,  it  must  lie  supposed  that  when  they  do 
gain  .such  entrance  some  patlinli)gical  lesion  must  have  occurre<l. 
Similar  results  have  lieen  reached  by  other  obsen'ers.  Malvoz,  in  32 
fd'tuses  from  4  different  niothers  infected  with  anthrax,  never  once 
fiiiiutl  liHcilli  by  microscu])ii'al  examination;  and  out  of  103  cultures 
only  3  times  were  bacilli  foiuid.  Rnseiiblatt,  in  9  foetuses  from  6 
mothers  dead  of  authrax,  found  bacilli  iu  only  2  out  of  many  hundred 
seclious,  and  in  7(>  cultures  only  5  colonies;  Birch-Hirschfehl,  Simon, 
and  Lubarsch  all  came  to  the  same  conclusions,  namely,  that  the 
anthrax  bacilli  were  either  entirely  absent  in  the  ftftal  organs,  or  else 
were  ])reseut  iu  exceedingly  small  numlnTs.  In  the  hemorrhagic 
character  that  anthrax  has  is  to  lie  found  the  best  exjilanation  of  foetal 
infection,  namely,  through  a  jilaceutnl  hemorrhat^e,  as  was  demon- 
strated iu  (Uie  case  of  hemorrhagic  anthrax  in  a  guinea-pig,  in  the 
internal  organs  (liver)  of  whose  fcetuses  were  found  authrax  bacilli. 
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by  culture,  microscopical  esamiuatinn,  and  inoculation  experiments. 
At  the  same  time,  it  is  not  all  kinds  oi  liemorrhage  that  will  result  in 
foetal  infection,  as  was  shown,  at  least  so  far  as  crushing  the  placenta  is 
concerned ;  for  after  such  procedure  no  one  of  sixteen  fcetuses  showed 
any  infection  either  by  the  microscope,  culture,  or  inoculation. 
Only  such  hemorrhage  seems  to  Ije  effective  for  this  result  as  is  simi- 
lar to  the  capillary  injury  produced  by  the  anthrax  bacilli.  Fcetal 
infection  with  anthrax  Las  not  yet  l>een  observed  in  man. 

Further  researches  were  made  upon  fa?tal  infection  witli  the  staphy- 
lococcus pj'ogenes  aureus;  pregnant  rabbits  were  inoculated  with  this 
bacillus  in  the  jugular  vein.  After  a  time  the  rabbits  died  and  staphy- 
lococci Dfxlules  were  found  in  the  kitlneys ;  in  the  foetuses  tlie  staphy- 
lococci were  found  more  often  than  was  the  case  with  the  anthrax 
bacilli ;  nine  out  of  fifteen  gave  positive  results.  Hemorrhage  of  the 
placenta,  whether  produced  by  crushing,  neetlles,  or  setons,  only 
resulted  in  making  more  of  the  foetuses  show  the  presence  of  the 
bacilli ;  so  that  for  this  organism  any  kind  of  bleeding  seems  to  be 
favorable  for  the  entrance  of  the  bacteria. 

Wolff  took  up  anew  the  question  of  the  transmission  of  tubercu- 
losis to  the  fcetus,  by  inoculating  pregnant  animals,  and  animals 
before  pregnancy  occurred,  with  tnljerculous  sputum,  in  tlio  hitter 
case  to  obtain,  if  possible,  a  tuberculous  infection  of  the  ovum.  Out 
of  forty-two  fcetuses  of  rabbits  and  giiiuea-pigs  not  one  sliowed  any 
tul)erculous  change,  no  matter  how  highly  tulwrcuh  lus  the  motlier 
was,  and  the  microscopical  examination  of  the  internal  organs  wivs 
entirely  negative.  Wolff  injected  mnleH  as  well  as  females,  tlie  former 
in  the  testicles,  and  although  the  power  of  procreation  Wfxs  thus  di- 
minished, he  succeeded  in  obtaining  fcjetuses  conceived  by  them;  but 
none  of  the  results  gave  any  tuljerculosis.  In  only  ruiR  case,  that  of 
a  mother  with  many  tul)erculous  nodules  in  the  inner  organs,  was  it 
possible  with  an  emulsion  of  the  liver  of  the  two  fretuses  to  inoculate 
guinea-pigs;  they  died  with  tul>ereulo8is  of  the  internal  organs, 
although  the  microscopical  examination  of  the  two  f<L'tuHes  was  eu- 
tirelj'  negative  so  far  as  showing  any  bacilli  of  tnlierculosis  was  con- 
cerned. Sanchez-Toledo  reached  negative  results  in  the  cureful  exuui- 
ination  of  sixty -five  ftetuses  of  tuljerculous  mothers.  Gaertuer  was, 
however,  more  fortunate;  of  eighteen  mice  with  tuberculosis  of  the 
abdomen,  he  foimd  two  tulierculous  ynnug;  of  nine  canaries  with 
abdominal  tuberculosis  of  the  parents  two  were  tulwrcuious ;  and  from 
six  pregnant  rabbits  injected  in  the  veins  of  the  ear  with  bacilli  of 
tul>prculosi8,  one  of  the  young  was  tulierculous.  Experinjonts  with 
females  impregnated  by  males  witli  tuberculous  testicles  gave  (Jaert- 
ner  negative   results;    of  such,  six  young   rabbits,  tliirteen   young 
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fjuiuea-piga,  aud  four  ova  were  iion-tul^rculoua.  Wolff  also  re- 
poi-ted  the  cases  of  three  tuljerculoua  mothers  dead  with  the  fcetns 
iu  the  uterus,  and  here  also  the  most  careful  microscopical  and  iuocu- 
latiou  ex|)erimeuts  were  ■without  result.  That  an  occasional  trans- 
mission of  the  tuberculous  bacilli  from  mother  to  foetus  nrnv  occur 
seems  to  be  deraoustrjited  by  a  monograph  of  Bii'ch-Hirschfeld;  but 
this  occurrence  must  l^e  of  the  rarest,  and  the  bacillary  transmission 
of  tuberculosis  by  this  means  plays  a  most  insignificant  part. 

PCERPEHAL    AuTODtFECTION. 

In  line  with  these  studies  are  those  of  which  the  works  of  ALlfeld, 
Thorn,  and  SteflFeck  may  l>e  tjkkeu  iis  aam[)le8.  The  former  relates 
two  cases  liy  vvliich  he  seems  to  establish  the  occurrence  of  a  true 
self-iufectiuu  of  the  mother  after  childbirth.  The  first  case  was  that 
of  a  woinau  whi »  had  severe  hemorrhage  and  chills  after  a  fall.  After 
five  days  she  gave  birth  to  a  tive-mouths'  foetus ;  afterwards  she  had 
high  fever,  which  was  treated  with  disinfecting  fluids  after  the  removal 
of  the  placenta  and  the  membranes.  The  blood  from  the  placenta 
gave  no  odtir,  iind  that  from  the  membranes  and  vulva  only  the  usual 
odnr.  He  thinks  this  was  the  result  of  "a  [ratrid  infection"  due  to 
the  toxic  action  of  something  in  the  nature  of  a  pfaimaiu,  and  in  no 
way  to  the  entramv  of  bjictcria.  Tlie  second  case  wius  a  somewhat 
aimihir  one  with  high  fever  and  rapid  pulse  iu  a  woman  who  had 
alK)rted,  and  was  due,  accnrdiug  to  Ahlfeld,  to  a  ptomaiu  (Hiisouing. 
Iu  neither  of  tiiese  cases,  Imwever,  is  there  any  record  of  a  bacterio- 
logical e.xamiuatiou,  so  that  the  evidence  upon  which  to  base  so  ex- 
tremi'ly  importaut  an  asserticni  is  to  tlie  last  degree  incomplete. 

W.  Tlinrii  takes  the  oiiposite  gniuud  to  these  conclasions  of  Alil- 
feld  as  to  the  jiossiliility  and  freiiueucy  of  occurrence  of  self-infection 
in  chil<ll)etl.  Mont  of  the  c;ises  heretofore  investigated  from  a  bac- 
teriological iioiut  of  view  liave  been  so  investigated  after  the  birth 
has  occurred,  and  the  condition  of  the  genitals  l>efore  birth  was  not 
kuiiwu,  jiud  so  also  many  times  the  canes  liave  Iteen  those  of  women 
wliii  have  given  birth  to  the  child  sonifwhere  else  than  at  the  ho.s- 
pital,  and  the  condition  of  the  suiToundiugs  ivas  entirely  unknown- 
He  diH^s  not  think  it  right  to  cimclude  that  in  the  vagina  and  cervix 
of  a  healthy  woman  llicre  are  always  liacteria  that  can  at  a  moment's 
notice  produce  independently  an  active  puerjieral  septictemia.  Nor- 
mally the  cavity  of  thi=>  utenis  contains  no  bacteria  after  childliirth, 
wliiii"  till"  vagina  and  cervix  harbor  nunieruus  saprophytic  parasites 
tli:it  i-annot  spontaneously  iissunic  a  toxic  ]iroj>erty.  Rarely  the  va- 
gina and  cervix  contain  also  pathogenic  bacteria,  the  explanation  of 
wtiosi'  ]in>«cuco  is  not  easy;    Imt  this  presence  must  be  considered  to 
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1)6  abnormal,  and  an  esplanation  must  be  sought  if  one  is  not  at  liaud. 
Bacteria  occurriug  in  the  vagina  under  normal  conditions  are  for  the 
most  part  saprophytic,  and  also  such  occur  as  may  upon  favorable 
nutrient  media  pnnluce  to3tic  ptomains,  nr  pathogenic  bacteria  occur 
in  the  vagina  and  cerv'ix  which  are  fouud  to  I>e  of  attenuated  viru- 
lence ;  but  it  is  also  un<iue«tionaljle  that  such  iKacteria  may  under  the 
conditions  of  childliirtli  tind  a  favorable  medium  for  their  develop- 
ment. But  infectious  jiathogenic  bacteria  find  their  way  into  the 
genital  canal  of  health\'  women  only  under  abnormal  conditions,  and 
are  undoubtedly  brought  there  from  other  sources. 

Steffeck's  investigations  consisted  in  a  nuiolier  of  animal  inocula- 
tions with  the  secretion  from  the  genital  canal.  The  method  pursued 
was  to  obtain  secretion  from  i)regnant  women  as  nearly  as  jiossible 
unexamined,  and  after  securing  the  secretion  to  transfer  it  to  a  suit- 
able nutrient  medium,  and  then  employ  the  culture  in  the  inoculation 
of  animals.  The  microorganisms  found  in  the  re.sultiug  abscesses, 
pus,  or  general  infection  were  compared  with  those  fouud  in  the  orig- 
inal secretion,  and  finally  these  microorganisms  were  injected,  and 
the  residts,  when  used  singly  or  together,  were  noted.  Tlie  secre- 
tions came  mostly  from  unexaraiuetl  pregnant  women,  by  wliicli  a.s 
nearly  as  jjossible  the  occurrence  ()f  contamination  ■wim  avnidetl. 
One-half  to  one  cubic  centimetre  of  this  secretion  was  mixed  witli 
4  c.c.  of  sterilizetl  j>hysic>logical  salt  solution,  and  after  microHco]*- 
ical  examination  the  mixture  was  placed  upon  agar-agar,  sometimes 
as  a  streak,  sometimes  as  a  plate  culture.  After  three  days  iu 
the  incubator  the  vai'ieties  of  Iwicteria  found  were  studied  in  ]iure 
culture.  Rabbits  were  used  as  the  experimental  aniiimls;  the  .se- 
cretion in  the  al»ve  dilution  was  injected  sulwutaueously,  and  the 
examination  was  made  u])ou  the  following  day.  Iu  lialf  of  tiie 
cases,  sometimes  before  and  sometimes  after  tlie  iuutuilation,  tiie 
temperature  was  taken  in  the  rectum  so  jis  to  establish  au  average, 
and  a  rise  of  0.5^  C.  {nearly  1^  F.)  was  considered  to  Ih?  pathological. 

In  C4iaes  iu  which  alwcesses  followed,  cultures  were  made  from  the 
pus.  If  an  animal  died,  the  examination  was  made  an  soon  as  poHsil>l(> 
after  death,  and  cultures  were  made  frimi  any  jiu-s  and  afi'ected  organs 
that  were  found,  as  well  as  from  the  heart's  blood;  sections  were  also 
made  aft«ir  hardening  and  were  examined  for  btu-teria  microsco]>ica]iy 
after  Gram's  methml  of  staining.  Pure  cultures  were  maile  from  tlie 
bacteria  fouud  iu  the  secretions  as  well  as  in  the  affected  animals,  and 
after  a  sufficient  growth  for  them,  tiie  water  of  condensatiiui  in  the 
agar  cultures  was  mixed  with  3  c.c.  sterilized  salt  solution,  and  of  tliis 
4  to  5  c.c.  was  injected  sulK-utaneoxisly ;  if  there  followed  any  abscess- 
es or  general  infection,  these  were  also  examined  bacteriologically. 
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In  nil  there  were  twenty-uine  exaininatiouH  of  secretions  matle  in 
this  way,  aud  it  was  detenniuecl  that  when  any  results  occurred  they 
were  due  to  the  jtreseuee  i>f  the  staphylococcus  i>yogenes  alhus  or 
aureus  or  to  that  of  the  strejitococ^us  jtyogenes.  In  the  twenty -nine 
exjieriments  with  iujectiou  of  the  secretion,  there  result-ed  seven  cases 
of  abrtcess  and  five  of  general  infection  which  ended  in  the  death  of 
the  animal.  In  all  of  the  positive  cases,  one  of  the  three  bacteria 
uauieJ  wa.s  finind,  but  never  in  the  seventeen  negative  ones.  In  the 
twenty-uine  secretions,  the  staphylococcus  ]>yogeues  albus  was  found 
nine  times,  the  staphylococcus  pyogenes  aureus  three  times,  and  the 
8tre|itfK'occus  pyogenes  once. 

Of  the  positive  cases  a  vagiual  examination  had  been  made  in  only 
two  l)efore  the  secretion  was  obtiiiued  for  observation,  the  other  ten 
had  lint  been  examined;  in  eight  cases  the  woman  was  an  untouched 
priiuiiiaia,  in  four  ca-ses  a  multipara.  In  the  negative  cases,  an  in- 
ternal examination  had  been  made  in  four  cases;  seven  of  the  women 
were  niuUipanc,  seven  primipane.  The  death  f>f  the  rabliit  followed 
the  iiijectinu  of  the  secriAtiou  in  five  cases.  The  same  l>acteria  were 
foujd  in  all  the  aliseesses  and  in  the  heart's  blood  of  the  experimen- 
tal animals  that  were  found  in  the  secretions.  After  the  injection  of 
pure  eultuifs  thnro  followed  in  two  cases  severe  disturlmuce  lasting 
for  sixteen  days,  in  three  eases  alwcesses  which  contained  only  the 
original  bactoria,  and  in  two  cases  there  was  a  general  infection  that 
resulted  in  the  death  of  tin-  rabbits. 

The  conclusion  was  reached  that  the  patiiogeuic  bacteria  that  may 
occur  iu  the  genital  canal  of  uuexauiiued  and  healthy  women  are  the 
stai>]iylococcus  ]iyogeues  albus  and  aureus,  and  the  streptococcus 
jiyiigeues. 

The  results  of  the  iujectiou  of  bacteria-free  secretions  were  also 
noted.  About  1  c.c.  of  si-cretiou  was  tliluted  in  a  sterile  test-tube 
with  4  c.c.  of  sterile  salt  sobitiou,  and  was  then  placed  three  times  for 
twenty  niinutes  in  the  steuni  sterilizer;  then  it  was  injected  subcu- 
taneously  into  ten  ditt'erent  rabbits. 

The  result  of  these  ten  experiments  were  absolutely  negative.  In 
the  ten  secretions  of  this  series,  the  stjiyihylococcus  pyogenes  albus 
was  found  twice,  and  once  the  streptococcus  with  it.  The  conclu- 
sions seem  to  lie  that  the  staphylococci  (pyogenic)  as  well  as  the 
:itrc'pt(R'(xri  may  Ite  the  cause  of  the  so-called  self-iufectinn  iu  puer- 
peral sepsis.  It  also  seems  that  the  possibility  of  a  self-infection  in 
labor  lies  Iiere;  but  that  it  takes  place  only  when  something  patho- 
logical has  occurred  dni'ing  the  labor.     As  a  preventive,  a  prophylac- 

fif  iliaiiifnelifni  i  if  tlie  ifeiiilid  ciiiiiil   in  si i irtri^Hteil . 
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Infection  of  New-Bohs  Infants. 

Fisfbl  (lemons trates  that  in  infanta  in  the  first  week  of  life,  which 
are  born  iu  lying-in  institutious  or  received  in  foximlliug  asylums, 
suppurjitive  iufectiuu  nttt  rarely  occurs  iinJer  the  f(jrm  of  an  acute  or 
suliaeut©  gastrtienteritia  or  a  eapillarv'  bronchitis  ami  lobnlar  ]>ueu- 
monia.  That  these  affections  should  be  groujied  aiuouK  the  "  neptico- 
pya?miaH"  apj^ears  certain  from  the  close  resemblance  of  their  bacterio- 
logical and  anatomical  appearances  to  the  septicopya'mic  infectious 
diseases.  The  histological  characteristics  consist  iu  the  necrosis  of 
the  specific  cells,  interstitial  inflammation,  and  a  tendency  to  hemor- 
rhage; the  microscopic  changes  in  the  mucous  membrane  of  the 
intestinal  tract  are  not  in  projiortiou  to  the  severity  of  the  aft'ection, 
and  not  rarely  are  entirely  absent.  Cultures  also  in  such  affectiona 
show  in  the  various  organs,  and  especially  in  the  lungs,  juire  cultures 
of  one  or  more  of  the  staphyhx-occi  or  atre])tococci,  which  may  be 
shown  by  experiments  upon  animals  tfi  Ite  of  the  highest  degree  of 
virulence.  The  post-mortem  diagnosis  of  this  afi'ection  rests  iipim 
the  relatively  slight  alteration  of  the  mucosa  of  the  tligesfive  tract, 
npvon  the  presence  of  marked  degenerative  changes  iu  the  abdominal 
glands,  ecchymoses  in  the  serous  surfaces,  suppurati(m  of  the  inflam- 
matory nodides  in  the  lungs,  and  miliary  abscesses,  as  well  as  upon 
the  residts  of  bacteriological  examinations.  The  source  of  the  infec- 
tion is  without  any  d<mbt  to  l>e  especially  sought  iu  the  air  of  the  sick- 
olmml>er;  the  channel  of  entrance  is  by  the  navel  wcjund  or  vessels, 
by  the  foml  sometimes,  or  else  through  the  respiratory  tract,  the  lat- 
ter being  the  most  frequent.  In  adtbtiou  to  these  sejitic  infectious  of 
infanta  with  gastrointestinal  or  imlmouary  symptoms,  there  also  occur 
acute  dyspepsias,  as  well  as  genuine  jmeuraonias  with  sjiecitic  bac- 
teriological results,  which,  however,  are  rare  and  of  a  favorable  prog- 
nosis. 

Infection  through  the  Istestixal  Tkact. 

Passing  from  the  genital  to  the  intestinal  canal,  Korkuuoff,  mnoug 
others,  takea  up  the  suggestion  of  Emmerich  (ou  the  ground  of  animal 
experiment)  of  the  iwssibility  of  liacteria  passing  through  the  healthy 
intestinal  wall.  Many  of  the  1>est  observers  take  the  ojijiositc  view 
of  this  matter,  for  exam])le,  Koch  and  Pasteur.  The.  first  said  as 
earlv'  aa  1877  that  anthrax  s]>ores  could  eut«r  the  system  not  only 
through  the  skin  but  through  the  intestinal  canal  as  well.  To  prove 
this  he  fed  mice  with  the  organs  (spleen,  freshly  drieil  and  dried  a 
long  time,  and  blooil)  of  sheep  and  raljljits  dead  of  anthrax,  and  found 
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that  the  mice  remained  free  from  authrax.  Similar  results  were  ob- 
tained with  rabbits,  and  on  the  ground  of  these  exi^eriments  Koch 
concluded  that  an  intestinal  infection  with  bacteria,  at  least  in  the 
case  of  these  animals,  was  not  possible.  Pasteur  and  Toussaint  made 
many  feeding  experiments,  and  one  of  their  animals  died  of  anthrax. 
Further  experiments  with  jjlauts  (^thistles,  ears  of  corn,  Imrley)  cal- 
culated to  irritate  the  mucous  membrane,  showed  a  marked  increase 
iu  the  number  of  deaths  in  their  feeding  experiments  with  anthrax, 
and  they  came  to  the  conclusion  that  for  an  intestinal  infection  to 
occur  there  must  l)e  an  injury  to  the  mucous  membrane.  Koch  and 
his  pupils,  Gafifky  and  Loeffler,  experimented  with  sheep,  and  reache<l 
the  conclusion  that  authrux  bacilli  tlied  in  the  stomachs  if  these  ani- 
mals, and  the  spores  passed  on  into  the  intestinal  canal  and  produced 
the  general  infection.  They  later  experimented  with  small  quantities 
of  dried  8i)ores,  and  reached  the  conclusion  that  iu  such  cjises  the 
sjiores  did  not  produce  any  result;  sometimes  with  small  quantitiai 
of  spores  the  animals  were  taken  ill  very  slowly  (six  to  twenty-two 
days  after  infection).  In  such  cases  it  is  also  possible  that  a  sec- 
ondary infectiim  occurred  by  the  excrement  being  mixed  with  the 
aniiiuil's  food.  Iu  general,  Kix'h  and  his  school  came  to  the  conclu- 
sion that  anthrax  spores  in  large  masses  produce<l  aa  certain  infection 
iu  the  iutewtiue  as  when  introduced  under  the  skin.  Similar  experi- 
ments with  other  animals,  as  [L'uinea-pigs,  rabbits,  and  mice,  did  not 
give  constant  results. 

Bui'Imer  got  very  different  results  in  his  feeding  exiieriments  with 
anthrax  si)oi-es  (very  few  fatal  resulta  following  unless  large  masses 
were  used)  fnmi  those  seen  in  his  inhalation  experiments.  Falk 
found  that  anthrax  bacilli  might  be  fciken  into  the  intestine  with- 
out result,  but  that  8|)ore.s  fed  to  animals  usually  gave  positive  results. 

Orloff  couceriied  himself  with  the  entrance  of  the  staphylococcus 
pyogenes  aureus  into  the  tissues  of  the  liviug  animal  (aa  in  osteo- 
myelitis, endocarditis  ulcerosa,  etc.),  and  sought  to  introduce  them 
by  feeding  and  by  iuhalatiou  into  healthy  and  unliealthy  animals. 
For  feeding,  he  iiiiide  use  of  a  mixture  of  oats  and  cultures  of  these 
bacteria;  the  fenlitig  was  continued  for  from  one  to  fourteen  days, 
and  the  animals  supported  it  well  for  from  (mek  and  a  half  to  three 
mnntlis.  The  blood  of  such  animals  gave  no  cultures,  but  the  intes- 
tinal contents  among  nther  bacteria  ctmtaiued  the  staphylococcus 
pyogenes  aureus.  Similar  results  were  obtained  after  irritation  of  the 
digestive  tract.  Orloff  considers  that  the  epithelium  of  the  digestive 
organs  is  tla*  Ijest  i>rot*'ction  against  the  entrance  of  bacteria,  that  an 
injury  to  this  is  necessary  for  tlieir  entrance  to  the  circidation,  and 
that  thence  they  are  distributed  after  the  manner  of  an  embolus. 
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Flugge  considers,  on  tbe  basis  of  tlie  esiierinients  of  Wysaoko- 
witscli  (with  tlie  staphylococcus  pyogenes  aureus,  bat'illus  indicus, 
and  s[K)re8  of  the  bacillus  snbtilis),  that  microorgauisms  cannot  pass 
into  the  circulation  through  the  mucous  membranes  of  the  respiratory 
tract  or  of  the  intestinal  wall  so  long  as  these  membranes  are  intact; 
but  if  this  is  no  longer  the  case,  they  jnws  on  to  the  next  lymjih 
gland.  Flugge  shares  the  opinion  of  Koch  as  to  anthrax  bacilli,  that 
they  cannot  pass  through  an  uninjured  intestinal  membrane,  although 
it  is  probable  that  spores  can  do  ho.  Baumgarten  rather  favors 
the  idea  that  the  microorganisms  enter  by  the  way  of  the  intestines 
(especially  in  case  of  spontaneous  anthrax),  as  he  holds  the  opinion 
tliat  their  entrance  through  the  respiratory  tract  is  at  the  best 
problematical.  Furthermore,  he  thinks  that  certain  animals  have  a 
sjiecial  predisposition  to  infection  in  this  or  that  way ;  for  example, 
neat  cattle  are  very  little  susceptible  to  anthrax  inoculation,  but  easily 
die  from  feeding  with  anthrax  spores;  mice,  rabbits,  and  guiuea-iiigs 
behave  in  the  opposite  way.  In  general,  most  feeding  experiments 
give  negative  results.  The  only  eicejitiou  is  with  anthrax,  and  here 
the  observations  of  different  observers  vary  greatly.  Tlie  fajhicy  in 
these  experiments  lies  in  the  fact  that  it  is  not  possible  to  prevent  the 
entrance  of  bacteria  in  other  than  the  intended  ways. 

Korkunoflf  considered  that  the  most  rational  way  to  investigate 
this  interesting  question  was  to  study  the  intestinal  contents  tl.cm-  ' 
selves,  and  he  experimented  in  various  ways  by  feeding  mice,  giduea- 
pigs,  and  rabbits  with  different  bacteria  (Emmerich's  Naples  bacillus, 
anthrax,  and  chicken  cholera).  These  were  intrndnced  bv-  means  uf 
the  stomach  sound,  or  in  food  (white  bread  or  softened  biscuit) ; 
sometimes  the  stomach  fluids  were  neutralized  with  soda.  The  dose 
usually  employed  was  a  third  of  a  teat-tul)e  filled  with  biscuit  and 
four  to  eight  anthrax  cultures  (on  potato  or  agar-agar).  Cultures  of 
the  Naples  bacillus  were  made  on  gelatin,  of  chicken  cholera  in  bouil- 
lon. With  the  latter,  when  they  contained  a  large  number  of  Imciili, 
the  biscuit  was  moistened  directly  without  sterilizing;  and  the  infec- 
tiousness of  the  cultures  mixed  in  this  way  was  tested  l)y  sulicutaueous 
inoculation  in  control  animals.  Korkunoff  al.so  used  orgaus  (liver. 
spleen,  kidney)  from  animals  dead  of  anthrax  by  beating  nji  small 
pieces  with  distilled  water  and  then  passing  through  gauze,  putting 
the  fluid  thus  obtained  directly  into  the  stomach.  His  exjieriments  in 
this  way  upon  rabbits  and  white  mice  gave  no  constant  results.  The 
guinea-pigs  fed  with  the  Naples  bacillus  all  lived,  with  the  exception  of 
one  that  died  by  chance;  all  those  fed  with  chicken  cholera  died.  So 
he  came  to  the  conclusion  that  positive  results  could  be  obtained  only 
by  feeding  with  chicken-cholera  bacilli  (in  rabbits),  and  that  feeding  J 
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with  otLer  1>acteria  gave  no  regular  results.  It  should  also  be  said 
that  sometimes  positive  results  do  not  give  absolute  conclusionB.  Aa 
he  could  not  get  enough  sheep  (animals  that  according  to  Baumgarten 
are  especially  tit  for  feeding  experiment)  he  ased  white  mice,  which 
according  ia  his  experience  also  have  a  jiecnliar  susceptibility  to  feed- 
iug  with  anthrax.  He  carried  on  his  experiments  in  the  following 
^'ay  :  lie  took  three  to  seven  mice  that  had  fasted  from  eight  to  twelve 
hours,  and  gave  them  all  pieces  of  biscuits  (rusks)  mise<l  with  an- 
thrax spores ;  after  a  time  a  second  supply  was  fed  to  them,  and  after 
a  certain  time  the  animals  were  chloroformed,  and  the  stomachs  and 
intestines  were  hardened  in  seventy -i>er-cent.  alcohol.  In  this  way 
he  obtained  tiie  intestines  of  eighteen  mice  (from  five  to  eighteen 
hours  after  feeding)  which  were  cut  in  sections  and  stained  after 
Grain's  method.  In  neither  the  intestinal  walls  nor  the  lymph  glands 
(solitjtry  follicleM  or  Peyer's  ]>atche8)  were  either  anthrax  bacilli  or 
their  spores  observed,  but  on  the  free  surfaces  of  the  mucous  mem- 
l>rane  there  were  many  bacilli  to  be  seen,  so  that  the  conclusion  could 
be  drawn  that  these  bacilli  had  developed  from  the  spores  that  had 
l*een  fed  in  the  first  instance.  In  other  experiments  animals  died 
with  anthrax,  Ijut  here  other  sources  of  infection  (such  as  the  respira- 
tory tract,  etc.)  wore  not  closed;  by  the  use  of  the  stomach  tube  these 
sources  of  error  are  excluded.  If  these  exiieriments  can  te  aiii>lied  to 
fitlier  animals  they  support  Koch's  assertion  that  anthrax  can  be 
conimniiicated  by  feeding  in  sheej);  since  Pasteur  reached  diflferent 
n-sults  with  sheep,  Krirkunotf  was  tempted  to  believe  that  the  con- 
ditinns  in  sheeji  are  the  same  as  in  white  mice.  In  general,  he  con- 
sidtM-pd  that  an  infection  through  a  sound  intestinal  mucous  membrane 
is  not  jmssible.  Entirely  diH'erent  results,  however,  were  oljserved 
in  rabbits  fed  with  cultures  of  chicken  cholera,  in  which  every  animal 
died,  with  the  dcmnnstnitiou  of  the  bacilli  in  the  stomach  conteuta 
afterwards  (as  masses  by  good  double  staining,  or  a  single  stain  of 
the  bacilli).  According  ti»  lvorkunotl^"s  idea  the  infection  occurs  by 
means  of  a  disturbance  of  the  eiiithelium  (necrosis)  and  after  the 
reninval  of  this  material  an  eutram^e  into  the  blooil  curi'ent.  In  gen- 
eral, he  reaches  the  conclusion  that  an  infection  by  the  intestines  can 
occur  only  from  those  bacilli  that  have  the  power  of  destroying  the 
opitlH^lium  of  that  organ,  and  that  the  bacilli  of  chicken  cholera  be- 
IdUg  to  tiiis  class.  Xiil  of  this  class  are  Emmerich's  Naples  bacillus, 
the  normal  intestinal  bacteria,  anthrax  bacilli  and  their  spores 
(unquestionably  for  guiuea-pigs  and  white  mice),  staphylococ- 
cus iiyogpnes  aureus  (OrlniT),  bacillus  indicus,  and  the  spores 
of  bacillus  subtilis,  and  staphylococcus  pyogenes  aureus  (Wysso- 
kowitsch).     As   to   the   other   i)athogeuic   bacteria,  their  properties 
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are  not  known,  and  exiieriments  with  them  are  of  interest  and 
importance. 

In  oi -position  to  these  conclusions,  L.  Beco  thinks  thiit  he  has 
demonstrated  that  the  invasion  of  the  blootl  and  internal  orKaus  by 
the  bacteria  of  the  intestines  (K'ciirs  duriuy  life  in  a  larj;e  uumlier  of 
individuals.  Furthermore,  it  is  not  possible  to  look  upon  this  phe- 
nomenon as  anythintj  specific,  that  is  to  say,  peculiar  to  certain  bac- 
terial disea.ses  that  have  their  sijecial  seat  iu  the  intestines. 

\Miat  is  the  practical  value  of  these  conclusions? 

In  concluding  their  memoir,  Wurtz  and  Herman  say  that  in  spite 
of  finding  the  bacillus  coli  so  frefjueutly  in  the  organs  at  autopsy,  it 
by  no  means  follows  that  this  bacterium  must  therefore  lie  accepted 
as  the  cause  of  the  maladies,  or  the  cause  of  death.  This  couclusiou 
we  have  streuj;thened  by  showing,  both  by  clinical  and  exiierimeut'il 
evidence,  that  the  bacillus  coli,  no  matter  to  what  organs  it  ma\-  lie 
carrietl  by  the  blood  current,  develojis  after  the  death  of  the  host,  and 
may  obscure  the  associated  species.  A  recent  nbservatiou  of  Chfirrin 
and  Veillon  is  confirmatory  iu  this  direction;  but  there  is  more. 
Even  if  the  infection  of  the  deeji  organs  by  the  bacillus  coli,  as  shown 
at  autopsy,  occurs  iu  most  cases,  if  not  iu  all,  during  life,  yet  there 
is  considerable  weight  in  the  conclusion  of  Wurtz  and  Hermau  that 
"  it  is  not  {lossible  to  rest  solely  upon  the  presence  of  the  bacillus 
coli  in  the  bloml  and  the  internal  organs,  even  though  tleujoustrated 
before  death,  as  evidence  of  the  causal  relationshiji  betwecu  this 
organism  and  the  disease."  Flexner's  work  on  terminal  infectious 
seems,  however,  to  point  to  the  oi)po8ite  conclusion. 

Infection  thbocqh  the  Lungs. 

Studies  as  to  the  possibility  of  infection  through  healthy  skin  and 
mucous  membranes  have  naturally  l^een  concerued  witli  the  luugs. 
Buchner's  research  concerns  itself  with  two  sets  of  esperiiucnls,  viz., 
(1)  the  inhalation  of  tlry  powdered  anthrax  spores,  and  ('2j  the  in- 
halation of  moist  powdered  anthrax  rmla  and  spores. 

Anthrax  spores  were  first  mixed  with  materials  wliicli  conlil  be 
finely  powdered  (charcoal,  chalk),  were  carefully  dried,  and  then 
scattered  in  a  closed  room  in  which  were  white  mice.  In  twenty -four 
eases  death  from  authrax  occurred  iu  from  one  to  three  days,  after 
the  animals  had  inhaled  this  powder  from  oue-lialf  to  two  hours, 
Tlie  number  of  animals  experimented  upon  was  larger  than  this,  show- 
ing therefore  that  the  breathing  of  such  powders  is  not  of  necessity 
followed  by  anthrax.  Of  cimrse  the  objection  to  these  exiieriments 
could  Ije  made  that  the  infection  did  not  occur  by  the  lungs,  but  by  * 
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the  skin  or  intestinal  canal.  TLia  was  disproved  l\v  numeroos  con- 
trol experiments  with  iworlj  dried  powdei's  in  which  virulent  anthrax 
spores  were  mixed.  Oft^en  after  such  experiments  the  animals  were 
covered  with  the  moist  jrowders  containing  spores,  and  yet  in  only  one 
case  did  anthrax  develop.  Many  direct-feeding  exjieriments  were 
also  tried  with  dried  anthrax-sjiores,  in  wliich  the  results  were  di- 
rectly opposed  to  those  of  Koch,  showing  that  mice  conhi  become 
infected  with  anthrax  by  the  intestinal  canal,  but  only  if  the  spores 
were  introduced  in  lai^^e  masses.  In  these  cjises  it  was  very  definitely 
shown  that  the  fieces  of  the  mice  were  extremely  virulent,  and  that 
the  greater  part  of  the  spores  wiis  passed  unchanged.  That  not 
nearly  so  many  spores  were  necessarj-  for  the  infection  by  the  lungs 
as  by  the  intestines  was  shown  by  causing  ten  mice  to  inhale  a  defi- 
nite amount  of  the  spore  powder,  and  ten  others  to  eat  three  times 
the  amount  ot  the  same  spore  powder.  Of  these  animals,  all  ten  of 
those  that  inhaled  the  powder  were  attacked  with  anthrax,  but  not 
one  of  those  that  ate  the  powder;  so  that  the  infection  through  the 
lungs  seemed  to  he  well  determined.  These  resiUts  Buchner  regards 
as  directly  opponed  to  those  of  Fliigge  and  Wyssokowitsch,  both  of 
whom  consider  tlmt  lung  or  intestinal  infection  alv\-ays  occurs  through 
the  blood,  the  iuterveutiou  of  which  is  not  necessary  a<'cording  to 
these  results.  To  demonstrate  that  there  occurs  a  tlirect  passage 
through  the  intact  mucous  memVirane  of  the  lungs,  those  bacteria 
have  been  investigjitrtl  whicli  have  their  primary  seat  in  the  lung  tis- 
sue, such  as  the  bacillus  of  tuberculosis;  the  results  obtainetl  with 
the  anthrax  bacillus  would  1w  worth  much  more  if  every  other  possi- 
liility  and  exidanatiou  were  shut  out. 

The  experiments  were  carried  out  in  two  ways :  in  the  first,  an- 
thrax spores  were  mixed  with  an  easih-  drying  powder,  and  this 
jHivvder  was  theu  i>iussed  into  a  tightly  closed  chaml>pr;  in  the  sec- 
ond, bacteria-coubiiuing  fluids  (anthrax  spores  and  roils,  chicken- 
dinlera  bacilli,  etc.)  were  sjirayed  iu  very  finely  divided  form  in 
tlie  chamber.  This  metliod  of  breatliiug  iu  the  bacteria  8nai>ended 
iu  the  air  imitates  sufficiently  well  the  natural  method,  but  i>er- 
niits  tlie  8usi>ici(>ii  that  some  of  the  resulting  infections  came  from 
Hwullowiug  the  liacteria,  and  not  through  the  lungs.  Care  was  taken 
•  171  this  point  by  special-feeding  control  experimente,  and  by  direct 
microscopical  examination  of  the  Inug  iiifection.  The  methrxi  of 
moist  iiowdering  deserves  especial  meiiti<iu.  The  animals  were  not 
attacked  by  the  bact^n•icidal  spray  directly ;  the  spray  was  first 
sent  into  a  glass  chaml>er,  from  which  it  i»assed  out  into  the  ani- 
mal 1h)X  as  a  very  line  filmy  vapor,  wliich  vapor  at  the  same  time 
w^as  demonstrateil  to  contain  large  numbers  of  the  bacteria.     In  this 
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vay,  of  course  only  a  very  small  amount  of  the  moist  bacteria  i)owder 
could  reach  the  loDgs ;  since  the  amount  of  the  fine  vapor  was  only 
0.2  per  cent,  of  the  fluid  used,  if  this  amount  was  40  c.c,  then  0.2 
per  cent,  would  be  only  three  drops,  which  waH  all  that  got  into  the 
box  at  all.  Furthermore,  the  animals  were  exposed  but  once,  and 
then  only  for  from  thirty  to  forty-five  minutes.  The  capacity'  of  the 
breath ing-l>ox  was  fifty  litres,  and  the  lx)x  held  more  than  one  animal 
at  a  time  (from  three  to  ten  guinea-pigs,  rabbitw,  aud  mice).  With 
snch  precautions,  the  results  were  extremely  exact.  In  all  (in  both 
kinds  of  experiments,  moist  and  dry)  there  were  140  inhalation  ex- 
periments; of  the  animals  9(j  were  killed  in  from  two  to  four  days  by 
the  expected  infection  =  68.8  i)er  cent. ;  70  animals  vrere/ed  as  control 
experimente ;  of  these  7  died  —  8.9  i>er  cent.  The  feeding  experiment*! 
were  mostly  made  with  the  same  material  that  was  sprayed  into  the 
inhalation  chamber,  so  that  the  control  animal  always  received  in  the 
intestinal  canal  many  more  bacteria  than  did  the  inlialation  auiiiials. 
Even  so,  only  8.9  per  cent,  were  affected,  and  even  this  number  is  too 
high,  for,  as  is  shown  by  experiments  of  Koch,  GatTky,  and  LoelHer, 
large  amouuts  of  spores  are  necessary  for  infectiim  by  this  method. 

Calculation  seems  to  show  that  the  animals  received  at  least  30,000 
more  spores  in  the  intestines  than  were  tiiken  in  by  inhalation.  The 
exactness  of  the  results  was  well  demonstrated  l>y  a  special  experi- 
ment. Forty-two  cubic  centimetres  of  anthrax-spore  fluid  was  dried 
in  forty  minutes,  and  six  guinea-pigs  wero  placed  in  an  inhalation 
chamber  holding  fifty  litres.  Only  0.21  c.c.  of  the  mixture  wan  intro- 
duced into  the  chamber  aa  a  vapor,  aud  after  the  iuhalatinu  the 
guinea-pigs  were  alxsolutely  dry ;  the^'  were  perfectly  lively  on  this 
and  the  following  day.  But  forty-eight  hours  after  tlio  iuhalatinu 
two,  and  towards  tlie  end  of  the  second  day  tlio  four  otiicrs  dicil  of 
the  most  acute  form  of  anthrax.  Section  showed  tlie  biiigs  as  well  as 
the  intestines  to  be  absolutely  normal,  but  uuder  the  microscnpo  the 
lungs  and  spleen  were  found  to  be  as  full  of  li;;cil]i  as  they  are  iu  an 
animal  which  has  been  inoculated  suhcutaneously.  No  trace  if  the 
channel  of  entrance  of  the  infection  couhl  be  fouud;  and  if  one  liad 
relied  upon  the  anatomical  esamiuation  alone,  the  affection  Wduld 
have  been  regarded  as  spontaneous  anthrax.  All  other  inlialation 
exiMjriments  with  anthrax  8i>ores  confirmed  the-ne  results.  Iu  guinea- 
pigs  this  methml  of  infection  was  as  certain  a.4  subcutaueou.s  iujectiou, 
or  even  more  so,  the  number  of  spores  used  being  so  much  smaller. 

Next,  the  animals  subjected  to  tlieso  iiitialution  experiments  were 
kiUed  after  various  periods  of  time  with  chlnroform,  aud  their  lungs 
were  examined  by  plate  culture  as  t<i  their  authrax  contents.  More 
than  twenty  animals  were  examined  after  this  raetliod ;  aud  always  tbo 
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lungs,  after  the  inhalation,  were  found  more  or  less  rich  in  anthrax 
bacilli ;  these  counts  also  showed  an  increase  in  the  number  of  baciUi 
proijortionately  to  the  time  which  had  elapsed  after  the  inhalation, 
whicli  of  course  indicates  an  increase  within  the  lungs,  although  this 
conclusion  is  not  necessarily  absolute.  Careful  microscopical  study 
of  sections  from  these  lungs  showed  a  number  of  interesting  facte, 
namely,  that  the  infection  in  individuals  progressed  with  varying 
rapidity,  and  that  there  was  a  distinctly _^j-fi/  stage  fif  l>eginning  in- 
fection of  the  lungs.  In  preparations  from  a  mouse  killed  with  chlo- 
roform twenty  hours  after  inhalation,  there  appeared  numerous  small 
collections  of  baciUi  (twenty  to  twenty-five),  sometimes  within,  and 
sometimes  without  tlie  alveolar  walls;  and  since  only  dried  siwrea 
were  introduced,  it  is  certain  that  these  bacteria  must  have  come 
from  the  growth  of  these  sjiores,  and  that  this  growth  occurred  in  the 
lung.  This  was  seemingly  confirmed  by  the  fact  that  no  bacilli  were 
iu  the  caiiillaries,  and  so  they  did  not  come  from  somewhere  else; 
this  was  alrto  mIiowu  by  the  froedom  of  the  spleen  from  bacilli  (in  the 
shortest  cases)  as  demonstrated  by  plate  cultures,  and  also  by  the 
cai'hon  iiartioles  in  the  borders  of  the  alveoli  which  acted  as  carriers 
of  the  liacteria.  It  was  also  to  be  ob!}er\'ed  that  the  intestinal  infec- 
ticm  occurred  much  more  slowly  than  that  by  the  lungs.  The  ani- 
nijils  fwl  witli  the  maximal  amount  of  the  spore  mass  died  at  the 
earlii'Ht  in  four  or  five  days;  the  inhalation  animals,  on  the  other 
hand,  usually  infected  with  extremely  small  amounts  of  the  spore 
mass,  died  as  a  rule  in  from  two  tn  three  days ;  so  that  it  would  seem 
(jiiite  clear  that  tlie  mechanism  and  couditiou.s  of  infection  must  in 
the  two  cases  be  very  different.  The  arrangement  of  the  bacilli  in 
tlie  collections  Bjioken  of  persisted  even  in  the  later  stages  of  the  lung 
infection. 

Sections  of  the  lung's  of  a  guinea-pig  killed  with  chloroform 
twenty-three  and  a  half  lioiu-s  after  the  inhalation  of  anthrax 
HjHjres  Hliowed  only  here  and  there  collections  of  anthrax  bacilli, 
while  the  greater  part  of  the  lungs  was  entirely  tree  from  them ;  but 
these  colltActinua  coutaiued  hundreds  of  bacilli,  and  there  was  one 
thing  iu  esjiecial  to  note,  uameh',  that  by  far  the  greater  number  of 
these  bacilli  were  contained  iu  the  interior  of  the  capillary  vessels. 
Thus  it  would  aj)[iear  that  the  l)l(>od  was  invaded  witlun  twenty-three 
and  a  half  honrw  of  infection,  while  the  spleen  remained  entirely  free. 
This  preparation  showed  the  successive  steps  of  the  process  of  infec- 
tion directly  under  our  eyes,  and  furuished  a  direct  and  certain  wit- 
ness of  the  possibility  of  the  passage  through  the  surface  of  the  lung 
of  an  agent  of  infection.  As  to  how  this  entrance  may  occur,  there 
are  two  possible  ways,  viz.,  one  by  means  of  the  lymph  channels,  the 
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other  throu^jh  the  capillary  walls.  The  two  modes  of  entrance  are 
not  incomiiatible,  and  both  maj-  occur,  but  general  obaervationa  and 
an  examination  of  the  sjiecimens  in  these  experiments  i>oint  to  the 
passage  through  the  capillary  walls,  as  what  occurred  here  at  least. 
The  intenal  l^etween  the  apj»earance  of  the  small  extracai)illary  col- 
lections and  that  of  the  large  and  for  the  most  part  iutracapillary 
masses  was  too  short  for  the  bacilli  to  have  passed  into  the  lym- 
phatics, then  into  the  glands,  thence  to  the  blood,  and  finally  to  have 
l)roduced  the  collections  in  the  lung.  Any  other  explanation  is  diffi- 
cult, although  certainly  an  entrance  through  the  bronchial  glands  is 
possible;  for  the  lymph  glands  are  a  certain  filter  only  for  lifeloas 
particles,  carbon,  etc.  (Arnold),  and  saprophytic  bacteria.  Patho- 
j;enic  bacteria  can  pass  through  these  obstacles,  but  only  because  of 
their  vital  activity,  not  mechanically.  And  besides,  this  passing 
through  takes  a  long  time,  so  that  the  rapid  appearance  of  the  bac- 
teria in  these  cases  can  be  explained  ouly  by  a  jiassage  through  the 
cai>illaries.  This  passage  occurs  not  by  any  mechanical  violence,  bnt 
through  the  same  spaces  in  the  capillary  walls  that  are  opened  by 
leucocytes  and  blood  corpuscles  in  the  case  f>f  inflammation,  and 
represents  in  the  case  of  bacteria,  as  in  thnt  of  leucocytes,  an  ju'tive 
effort  on  their  part;  it  is  for  this  reason  that  the  lifeless  j^articlea 
and  saprophytic  bacteria  are  found  in  such  numbers  in  the  bronchial 
glands,  but  never  in  the  capillaries. 

As  regards  the  active  character  of  the  passage  of  the  bacteria 
there  is  to  be  stated  this  conclusion,  that  the  greater  the  irritation  of 
the  lung  tissue  the  less  the  cliance  of  a  [iiiKsage  of  the  bacteria  into 
the  lungs.  This  is  demonstrated  by  the  great  ditferouces  seen  between 
inhalation  experiments  with  anthrax  bacilli  and  tliose  with  sjiores.  In 
tlie  former  case  the  animals  died  very  (juickly,  in  thirty-six  to  fi)rty- 
eight  hours,  and  examination  of  the  lungs  showed  a  very  different 
condition  of  affairs  from  that  found  when  spores  had  lieen  used ;  there 
was,  namely,  a  tremendous  serofibrinous  hemorrhagic  imouinnnia. 
The  sections  presented  a  most  instructive  jiicturc;  the  alveoli  were 
filled  at  times  with  fibrinous  exudate,  then  with  cell  elements,  and  at 
times  with  skeius  and  snarls  of  anthrax  rods  and  threads.  Most 
striking  was  the  fact  that  in  spite  of  this  tremendf>us  infection  of  the 
lungs,  the  general  infection  was  almost  nothing.  The  spleen  con- 
tained almost  no  bacilli,  and  the  comjdete  freedom  of  the  ca]>illarie8 
and  larger  blood-vessels  in  sections  of  tlie  lungs  was  very  noticeable. 
This  marked  difference  between  this  and  the  conditions  of  spore  in- 
fection may  perhaps  be  explaine<l  by  the  fact  that,  the  spores  Iwiug 
in  a  condition  of  latent  existence,  produce  at  first  no  chemical  irrita- 
tion, and  grow  slowly  and  only  at  widely  separated  idacea,  so  that 
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they  do  not  easily  i)roduce  any  generalized  irritation;  while,  on  the 
other  hand,  the  entrance  at  the  same  time  of  many  lining  rods  into 
the  lungs  produces  an  intense  general  irritation,  both  by  their  growth 
and  by  the  chemical  prcxlucts  that  result  therefrom.  Sjiore  inhala- 
tion, therefore,  i>rt)duce9  an  intense  and  rapid  general  infection  with- 
out any  marked  local  changes,  while  rod  inhalation  produces  on  the 
contrary  an  intense  local  aflfection  without  any  marked,  indeed  with 
very  slight  general  infection.  The  reason  for  this  latter  condition  is 
to  Ije  found  in  the  active  character  of  the  passage  through  the  capil- 
lary walls ;  the  inflamed  lung  may  be  open  for  a  passive  passage,  but 
it  offers  au  alisoUite  resistance  to  the  active  passage  of  the  baciUi. 
This  is  analogous  to  the  results  of  Ribl>ert-Lahr  with  the  staphy- 
lococcus p3'ogeuea  aureus,  and  explains  the  negative  results  of  Fliigge 
and  Wys.sdkowitsoh,  and  especially  those  of  Hildebrandt,  who  reached 
the  couclusiou  that  the  intlamniatory  condition  of  the  lung  walls  was 
of  very  little  consequence  so  far  as  the  passage  of  bacteria  was  con- 
cerned. 

The  infectious  elements  that  are  fitted  for  the  passage  through  the 
intact  lung  wall  are  undoubtedly  only  those  that  are  blood  parasites, 
for  theHfi  have  the  ]iower  of  pussiug  through  the  capillari'  sjtaces,  but 
no  uthers  can  do  ho;  to  thi.s  cla.ss  belong  the  bacteria  of  authras, 
chicken  cholera,  ralibit  septicremia,  and  hog  cholera.  With  all  of 
these,  ])ositive  results  were  obtained  from  iiilialation.  With  anthrax 
analogous  results  were  obt-aiued  iu  the  case  of  cattle  and  sheep,  and 
these  results  may  serve  to  explain  the  cases  of  spontaneous  (so-called) 
antlinix  iu  these  animals,  in  which  the  idea  of  an  entrance  by  the 
lungs  liiis  been  hitherto  ruleil  out,  and  also  the  metastatic  api>ear- 
auces  in  cases  of  intestinal  infection  that  Jiave  not  been  heretofore 
clearly  explained.  Spontaneous  cases  of  inte.stinal  anthrax  appear  to 
have  ocourretl,  but  it  is  not  at  all  clear  that  this  is  the  explanation  of 
them.  In  human  beings  the  spirilla  of  relapsing  fever  and  the  plas- 
modiiuu  of  nial.iria  an-  to  be  iuchuled.  In  both  ca.ses  the  possibility 
of  an  infection  by  tlie  lungs  is  apparent.  Tulierculosis  and  glanders 
liacilli  arc  not  Itlood  pariisitos,  so  that  in  these  cases  the  possibility 
of  a  direct  passage  through  (he  caiiillary  walls  does  not  exist,  and  the 
iuhalutiou  of  tlie  iiacilli  of  tuberculosis  is  followed  l)y  a  localized 
infection  only,  which  is  later  followed  by  the  generalized  attack  upon 
the  other  organs  nf  tht>  IhxIv.  The  liacilli  are  tiiken  from  the  primary 
nodules  through  tlie  lymph  chaunols  to  the  secondary  ones  and  thus 
into  the  l)lood.  Two  experiments  with  the  ghmders  bacillus  showed 
that  the  primary  infection  of  the  lungs  did  not  occur,  while  at  the 
same  time  the  sph^en  was  full  of  tiie  biu-ilH ;  in  this  case  the  bai^illi 
went  directly  to  the  spleen  by  way  of  the  lymph  channels. 
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The  microbe  of  erysipelas  and  the  cocci  of  suppuration  occupy  a 
middle  place,  but  they  are  iu  no  sense  true  blood  parasites,  and  a 
direct  passage  into  the  blootl  current  of  the  lungs  lias  not  Ireen  ob- 
served; it  appears  that  a  slow  passage  through  the  lymph  channels 
is  the  jirobable  condition.  It  is  not  possible  to  determine  this  jKiint 
in  rabbits  since  they  are  not  susceptible  to  these  bacteria,  and  since 
also  the  passage  by  the  lymph  jjlamls  occurs  only  by  active  efforts; 
this  affords  an  explanation  of  the  negative  results  of  Fliigge  and  Lahr 
with  the  staphylococcus  jjyogenes  aureus. 

Typhoid  and  cholera  bacilli  are  also  not  bloo<l  parasites,  although 
the  typhoid  bacilli  may  be  found  in  the  capillaries;  but  it  is  not 
known  from  this  alone  whether  it  is  possible  for  them  to  pass  directly 
through  the  cajullary  walls  of  tlie  lungs;  animal  experimentation 
can  show  nothing  on  this  point,  since  animals  are  u()t  susceptible  to 
typhoid  fever.  As  regards  cholera  still  less  is  known,  since  the 
spirillum  is  not  found  in  the  blood  at  all.  Cultures  upon  sterilized 
blood  serum  of  rabbits  show  an  easy  growth,  but  nothing  can  be  in- 
ferred from  this  so  far  as  the  behavior  of  the  microbe  iu  man  is  con- 
cerned. 

Chemotaxis. 

Tlie  influence  of  chemotaxis  on  infection  is  very  well  discussed 
by  Massart  and  Bordet.  As  our  knowledge  of  the  life  of  the  bacteria 
liecomes  more  complete,  microbiah  infection  becomes  a  mure  and 
more  comjdex  phenomenon.  At  the  beginning  of  tliese  stiulics  infec- 
tion was  considered  to  Ije  a  necessary  result  of  the  introduction  of  the 
bacteria  (pathogenic)  into  the  animal  economy,  but  since  then  many 
modifications  have  made  their  apiiearauce.  The  same  bacteriiuu  may 
lie  jtathogenic  for  certain  sjiecies,  and  entirely  inoffensive  for  others. 
The  same  species  of  animal  may  show  races  that  are  susceptible  to  a 
ii;iven  bacterium,  and  others  that  are  entirely  iususceiitible.  Certain 
bacteria  may  be  so  attenuated  in  their  virulence  that  they  ])roduce 
absolutely  no  effect  when  introduced  into  aninmls,  or  tlicv  may  even 
make  these  animals  capable  of  resisting  the  attack  of  the  most  viru- 
lent cultures.  An  analogous  immunity  may  be  secured  by  the  intro- 
4luctiou  of  sterilized  bacterial  products. 

Experiments  have  also  been  carried  on  t^)  determine  the  means  set 
in  motion  by  the  animal  to  protect  itself  against  the  b.-icterial  attack; 
j)hagocytosi8  and  the  bactericiilal  condition  of  the  fluids  of  the  body 
play  the  principal  role  iu  this  direction. 
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Predispositioii  to  Infectious  Diseases. 

Lastly,  a  species  of  animal  that  is  refractory  to  a  certain  bacterium 
may,  under  the  influence  of  cerbiin  causes,  become  susceptible  to  tlie 
attack.  Tliia  moilitication  constitutes  the  "  pretlisposition  to  the  in- 
fectious diseases." 

Ajnoug  the  causes  that  increase  nataral  or  acquired  susceptibility 
to  disease  are  (1)  the  iutrinluction  of  i^roducta  secreted  by  the  8i)ecieft 
of  bacterium  iuoculatetl ;  (2)  the  introduction  of  the  protlucta  secreted 
by  another;  (3)  the  exposure  of  the  animal  to  conditions  unfavorable 
to  its  existence,  or  the  jirotluction  of  traumatic  lesions;  (4)  the  intro- 
duction of  certain  definite  chemical  substances;  (5)  the  introtluetiou 
of  aniesthetifs. 

1.  The  intriHluctiou  in  the  body  of  the  animal  of  protlucta  secreted 
by  the  biu'terium  inoculated.  Roj^er  showed  that  after  injecting  into 
an  iiuimtd  (veins  of  a  rabbit)  the  fluid  j>rpssed  from  the  UMlematous 
muHL-li^s  of  an  auiiual  dea<l  of  ^ymptojnatic  anthrax,  the  rabbit  became 
exti'emely  su-sceptible  to  the  disease.  Bouchard  succeeded  in  pri>- 
ducinf,'  pyocyuiiic  disease  in  the  rabbit  with  very  small  doses,  after 
liiiviu^f  iujecti'd  intravcunusly  a  tillered  culture  of  the  bacillus  pyo- 
cyaueus.  Vaillard  and  Vincent  deninnstrated  the  same  tliiufj;  with 
the  tetiujtis  bacillus,  also  showing;  that  the  animals  never  died  when 
the  bacillus  w;is  iatrodaced  alone.  Herman  obtained  suppuration  in 
the  rabbit  with  small  doses  of  the  staphylococcus  pyogenes  albus, 
after  liaviuf,'  iujected  tljo  watery  exti'act  of  cultures  of  this  bacterium. 
The  obscrvatii)Us  of  Cuunuimt  aud  of  llodet  and  Courmiiut  gave 
results  that  were  very  simihir  to  tliese.  The  tirst  showed  that  the 
previiius  injection  of  the  products  of  a  tuberi'ulous  culture  facilitjited 
very  much  thf  subsnjuput  iiifcetiftn  with  this  bacillus,  and  the  latter 
showed  that  the  favoring  actiiui  of  tlie  products  of  the  sta[)hylococcus 
pyogenes  allms  persisted  fur  at  least  three  montlis.  In  ex|>erimpnts 
in  which  the  substauces  secreted  by  the  bai'teria  are  injected  into 
animals  it  is  well  ti»  practise  the  iujei-tiou  wliere  this  material  will 
pass  slowly  into  the  general  circulation.  \Mieu  the  inoculation  of 
a  bacterinni  that  is  noii-pathogeiiic.  to  the  animal  experimented 
upnn  is  niailc  in  tlie  anterior  chaml)er  of  the  eye,  it  often  hap- 
pens that  the  animal  succnniba,  while  it  would  have  resistetl  the 
iunculatinn  perfectly  if  it  luid  been  mjule  elsewhere.  This  is 
HO  fur  symiitomatic  anthrax  in  the  rabbit,  according  to  Roger, 
ami  for  pure  anthrax  in  the  pigeon,  according  to  Metclmikofl'. 
Bacteria  iuject<"'d  into  the  auterif>r  chamber  find  themselves  for 
a  certain  time   indeiieudeut  of  the  i>hag(x;ytes,  and  they  elaborate 
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at  their  ease  the  producta  that  are  spread  broadcast  throughout  the 
system. 

2.  Introduction  into  the  body  of  the  animal  of  jjroducts  secreted 
by  another  bacterium  (microbian  association).  When  two  tlifferent 
bacteria  are  associated  or  when,  after  having  injected  the  sterilized 
culture  of  one,  we  inject  a  second  living  biicterium,  varicjus  results 
present  themselves.  Sometimes  nothing  esiiecial  is  to  be  seen ;  which 
is  what  happens  when  a  sterilized  or  living  culture  of  the  bacilhis 
tiutirescens  putidus  is  injected  and  foDowed  by  small  doses  of  the 
bacillus  of  blue  pus.  At  other  times  it  may  be  seen  that  such  an 
injection  acts  favorably  upon  the  organism,  and  enables  it  to  resist 
better  the  pathogenic  bacterium. 

Lastly,  and  this  is  what  interests  us  most,  the  introduction  of 
harmless  bacteria  or  their  jtrotlucts  may  so  iullnence  tlie  living  tis- 
sues that  they  may  Ijeconie  susceptible  to  attacks  to  which  (hey  were 
in8U8cei)tible  before.  Roger  produced  death  in  rabbits  in  which  lie 
had  injected  living  or  sterilized  cultures  of  the  biu-ilhiH  jirodigiosus 
at  the  same  time  as  the  bacillus  of  symptomatic  anthrax,  and  the  same 
result  upon  the  injection  of  cultures  of  the  pyogenic  staphylot-ocoi 
and  the  protens  vulgaris.  Monti  succeeded  iu  killing  iuiiiiuils  by  old 
and  attenuated  cultures  of  pyogenic  strei>tococci,  of  the  stiiphylococcus 
pyogenes  aureus,  and  of  the  pneiiraolmcilluH,  j)rovided  ouly  that  ho 
injected  simultaneously  a  culture  of  the  proteus  vulgarin.  Bouchard 
considers  furunculosis  in  many  cases  due  to  the  resorption  of  the  sub- 
stances secreted  by  the  liiU'teria  of  the  digestive  canal,  and  ho  says 
that  antisepsis  of  the  canal  arrests  the  disease.  .Vccordiiig  to  A'ail- 
lard  and  Vincent  the  injection  of  the  bacillus  prodigio.sus  iu  the  rab- 
bit makes  this  animal  susceptible  lo  the  bacillus  of  Nicolaier. 

Lastly,  experiments  show  that  white  mice,  wliich  are  iiisus(*c|>tibl8 
to  the  pyocyanic  disease,  will  contract  this  malady  after  the  iiitro- 
ductiim  into  the  peritoneal  cavity  of  -^  c.e.  of  a  sterilized  culture  of 
the  bacillus  prodigiosus. 

3.  The  exposure  of  the  animal  to  conditions  unfavorable  to  its 
existence,  or  the  production  of  traumatic  lesions.  It  is  Kufficiont  to 
produce  strong  contortion  of  the  alxlomiual  muscles  by  mraus  of  an 
electric  current  in  a  guinea-pig,  according  to  Nociird  and  lloux,  and 
then  to  inject  an  attenuated  ^-irus  to  have  the  animal  succumb  to  n 
dose  of  symptomatic  anthrax  culture  eutirely  harmless  uudpr  ordi- 
nary conditions.  Platania  after  introducing  Friedlaoder's  bacillus 
into  the  trachea  of  the  guinea-pig  produced  an  a8ei>tic  lesion  of  the 
pleura  and  of  the  lung,  and  demon8trate<l  that  the  auinial  is  much 
more  susceptible  to  this  microorganiHrn  under  these  than  under  ]ier- 
fectly   sound  conditions.     CImrrin    and    Eoger    demonstrated   that 
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wbite  rats  become  much  more  susceptible  to  symptomatic  anthrax  or 
bacterial  autLrai  when  fatigued  by  being  made  lo  ruu  in  a  turning 
wheel.  The  chicken  can  be  made  susceptible  to  anthrax  when  cooled 
as  shown  first  by  Pasteur,  and  then  by  Wagner.  Platania,  after 
placing  the  pneumobacillus  in  the  trachea,  put  the  animals  in  a  cold 
atmosphere,  and  found  that  they  died  of  jmeiimonia.  According  to 
Charriu,  cooling  diminishes  the  resistance  of  the  guinea-pig  to  the 
pyocyanic  disease.  The  influence  of  hunger  has  l>een  studied  by 
Canal  is  and  Morpurgo,  who  demonstrated  that  pigeons  succiimbed 
very  easily  to  anthrnx  when  enfeebled  by  hunger;  bleeding  also  ren- 
ders an  animal  much  more  susceptible,  as  demonstrated  by  Serafini, 
who  found  that  the  injection  into  the  trachea  or  the  pleura  of  Fried- 
lander's  pneumoVtacillus  produced  no  effect  unless  the  animal  (dc^) 
had  Ix^eu  or  was  subjected  to  a  copious  bleeding.  Arloing  cites  ei- 
periiueiits  made  by  Rodet  witli  the  anthrax  biwillus;  sheep  inocu- 
lated in  the  ear  succumb  much  more  readily  after  having  been  bled 
than  liefcjre. 

Finally,  there  is  an  alteration  which  produces  a  susceptibility  to 
the  iufectious  diseases  just  its  do  contusions,  that  is,  section  of  the 
nerves.  Alt  text-books  upon  rti>hthalmology  cite  cases  of  keratitis 
coming  on  after  an  injury  to  the  trifacial,  but  the  first  experimental 
researclies  were  made  by  Charriu  and  lluffer.  They  severed  the 
sciatic  nerve  of  one  side  in  a  guiuea-jtig,  and  injected  in  both  thighs 
the  same  iptautity  of  a  virulent  culture  of  the  bacillus  ])yocyanen8. 
Au  infectious  tiimur  ajipeared  on  butli  .'sides,  more  marked  on  the  side 
of  the  severed  nerve.  lu  the  rabbit,  section  did  not  appear  to  favor 
this  iijfectinu.  Roger  studied  this  same  ijuestioi].  He  removed  from 
one  side  iu  the  rabbit  the  superior  cervical  ganglion,  and  inoculated 
in  the  two  ears  the  same  quantity  of  a  culture  of  the  streptococcus  of 
Fehleiseu.  For  the  first  three  days,  the  ear  on  the  side  on  which  the 
vessels  were  paralyzed  was  extremely  cedeniatous,  and  the  erysiiwlaa 
was  much  more  marked  than  on  the  other,  but  after  that  time  the 
apiwai'auces  changed,  and  the  injured  ear  resumed  its  normal  appear- 
aiii'e,  while  the  otlier  liecame  covered  with  pustules,  and  even  became 
partially  sjihaueluted.  The  experiments  (jf  Herman  were  even  more 
com(iIete  and  sharjily  defined.  .-Vfter  he  had  resected  a  portion  of  the 
Bciiitic  iu  rabbits,  and  the  wound  of  operation  hatl  cicatrized,  he  in- 
jected into  the  veins  cidtures  of  the  stajihylocccus  pyogenes  albns; 
the  <)]>ser\-ed  artliritia,  abscesses,  and  osteomyelitis  were  almost  ei- 
clnsively  localized  in  the  limb  that  had  lieen  operated  upon.  The 
experiments  of  Fere  are  of  great  interest;  he  vaccinated  hemiplegic 
persons  upon  Iwth  arms ;  as  they  had  lieen  vaccinated  but  a  few  years 
before  no  characteristic  vesicles  appeared,  but  nodules  of  false  vac- 
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cine  developed  with  a  very  marked  preponderance  ujion  the  paralyzed 
side. 

4.  lutroductiou  into  the  animal  body  of  certain  defiiute  chemical 
substances.  According  to  Arloing,  Cornevin,  and  Thomaa,  lactic 
acid  increases  the  virulence  of  the  bacillus  Chauvrei;  Nocard  and 
Koux  have  demonstrated  that  the  acid  acts,  not  n])f)u  the  microbe 
to  increase  its  activity,  but  upon  the  tissues  to  lessen  their  resistance; 
acetic  acid,  lactate  of  potassium,  chloride  of  potassium,  and  dilute 
alcohol  j>roduce  the  same  effect;  to  cause  the  death  of  thfs  animal  it 
is  necessary  to  inject  at  the  same  time  in  the  same  muscle  the  hurtful 
8ul>8tance  and  the  ^irus.  Roger  has  obtained  the  same  result  by  the 
injection  of  trimethylamin.  Vaillard  and  Yineent  yuve  tetanus  to 
the  rabbit  by  injecting  lactic  acid  at  the  point  of  inoculatifm  of  the 
tetanus  bacillus.  Everybody  knows  that  in  debilitating,'  dise^uses  lik(> 
diabetes,  suppuration  is  extremely  apt  to  attack  the  subject;  aud 
Bujwid  has  shown  that  the  intravenous  injection  of  glucose  deter- 
mined the  presence  of  the  suppiiration  at  the  point  of  inoculation  f>f 
the  pyogenic  staphylococci.  So,  too,  Leo  t^jive  an  expeii mental 
diabetes  to  rats  and  mice  by  the  injection  of  phloridziu ;  and  in  this 
way  he  took  away  from  rats  their  immunity  to  anthrax,  and  from 
mice  their  resistance  to  glanders.  Variitus  autlmrs  have  repeated 
these  e3Ei>eriments  with  different  results.  Herman  injected  in  the 
subcutaneous  cellular  ti.s.sue  of  the  rabbit  1  c.c.  of  a  three- per-cent. 
solution  of  carbolic  acid;  an  hour  afterwards  he  inoculated  the  iiui- 
mal  at  the  same  point  with  a  dose  of  a  staphylococcus  tno  weak  tn 
produce  any  result  under  ordinary  cirfum.stauces,  and  obtfiinfd  an 
aljscess;  the  use  of  a  one-per-cent.  sublimate  aoluticm  f^nvei  a  much 
less  marked  result. 

5.  Introduction  into  the  animal  b<idy  of  ame.sthetif  suVistances. 
Platania  protluced  anthrax  in  doga,  frnga,  and  pigeons  b_\-  injecting 
with  the  cultures,  curare,  alcohol,  or  chloral ;  Wagner  also  produced 
anthrax  in  chickens  by  the  iise  of  chloral. 

These  numerous  facts  make  it  possible  to  assert  that  the  injection 
of  bacterial  products  and  of  certain  definite  chemical  substances,  and 
the  exposure  of  the  animal  to  abnormal  conditions  of  existence  as  well 
as  to  the  action  of  aniesthetics,  diminish  the  resistance  of  the  animal 
economy  to  the  invasion  of  the  bacteria. 

It  now  remains  to  determine  by  what  raeauH  the  different  factors 
act  in  the  production  of  this  diminution  of  resistance  to  the  invasion 
of  the  bacteria.  To  explain  these  influences,  two  theories  have  been 
successively  advanced  by  Bouchard.  Before  entering  upon  them  it 
is  necessary  to  state  the  actual  condition  of  our  knowledge  of  the 
chemotactic  properties  of  the  leucocytes,  for  it  would  seem  to  be 
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demonstrated  that  this  matter  of  irritability  of  the  white  corposcles 
plays  a  preponderatiuy  part  in  the  diniinution  of  immunity. 

For  some  years  it  has  been  known  that  certain  substances  con- 
tained in  bacterial  cultures  produce  a  purulent  collection  at  the  point 
of  inoculation.  Grawitz  atlmits  that  certain  products  of  the  staphy- 
lococcus pyo^eues  aureus  play  a  part  in  sujjpuration,  and  he  demon- 
strates further  that  cadaverin  produces  an  abscess  when  intro<luced 
into  the  cellular  tissue  of  the  dog.  Scheuerleiu  also  showed  that 
aohitious  of  cadaverin,  imfrescin,  sterilisied  cultures  of  the  staphy- 
lococcus, and  even  a  putrefied  sterilized  maceration  of  the  flesh  of  the 
rabbit  could  jiroduce  suppuration  without  bacteria.  So  far  as  the 
prodvu't.s  of  the  stai>liylo<'Occi  are  concerned  these  observations  have 
been  coulirmed  by  ChriBtmas-Dirckinek-Holmfeld,  Karlinski,  and 
Steinhaus.  The  latter  obtained  purulent  collections  with  dogs  after 
the  injection  of  liju'iUus  pro(li>;iosus,  bacillus  pyocyaneus,  and  bacil- 
lus autliracis.  Leber  isolated  from  cultures  of  the  staphylococta  a 
crystalline  substance  that  he  called  "  phlngosin,"  that  possessed  the 
])roperty  of  attrartiiin  thii  leucocytes.  He  emjihasized  the  analogy 
of  this  attraction  with  that  determined  by  PfeiflFer  for  the  spermato- 
zoiils  of  cryptoi^iiuis  in  the  presence  of  certain  chemicals.  Pekelhar- 
ing  iutroduct'd  under  the  .skin  of  the  frog  gun-cotton  impregnated 
with  a  cultiue  of  the  anthrax  bacillus;  after  a  few  hours  a  large  num- 
ber of  leucocytes  had  worked  tlieir  way  into  the  interstices  of  the 
cotton  ;  tills  cxpcrinicut  uas  the  first  ilesigned  to  demonstrate  directly 
the  attra<'tion  possessed  by  certain  bacterial  products  for  the  leuco- 
cytes. 

Tlie  irritability  of  these  cells  was  studied  by  Ma-Hsart  and  Bordet 
by  ])lacing  capillary  glass-tubes  filled  with  living  or  sterilized  cul- 
tiH'es  of  various  bacteria  in  tiie  peritoneal  cavity  of  frogs;  the  fol- 
lowing day  these  tubes  were  filled  with  leucocytes.  This  cellular 
iiiignitiou  is  niotlified  or  arrested  U])ou  auiesthetiziug  the  animals. 
tiabritchewsk,\-  made  a  large  number  of  the  same  sort  of  experi- 
ments upon  the  frog  and  the  rabbit.  Tije  ctmclusiim  that  they  all 
reached  was  that  tiie  substance  attracting  the  leucocytes  was  dissolved 
iii  the  culture  nieiliuu]. 

Uiicliu(>r  took  iqi  the  question  anew,  with  the  same  general  idea 
of  experiim^btatioii  by  the  introduction  in  the  tissues  of  capillary 
tubes  containing  the  tliiid  t<t  bo  tested;  bnt  instead  of  using  culture 
media  Bnchnor  eiiiptoyed  a  protein  fibtained  by  treating  the  bju^teria 
themselves.  In  this  way  he  was  able  to  demonstrate  that  the  pro- 
teins extracted  from  various  bacteria,  and  in  particular  the  bacillus 
of  Friedliimler  and  of  the  bacillus  pyocyaneus,  acted  as  energetic  ex- 
citants of  the  leucocytes.     He  is  tempted  to  assert  that  the  culture 
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fluid  itself  does  not  possese  the  property  of  attracting  tbe  leucocytes ; 
but  it  is  difficult  to  assent  to  this  opinion  iu  view  of  the  experiments 
of  Gabritcbewsky,  and  of  Massart  and  Bordet  on  the  result  of  the 
use  of  filtered  cultures  of  the  bacillus  pyocyaueus. 

These  various  researches  demonstrate  that  certain  bacterial  prod- 
ucts have  the  power  of  attracting  the  leucocytes ;  these  are  then  car- 
ried into  cont4ict  with  the  bacteria  that  are  attempting  to  attjick  the 
orRanisiu ;  they  can  destroy  them  at  once  before  the  bacteria  have 
had  sutlicient  time  to  elaborate  the  products  that  might  be  harmful  iu 
large  quantities.  Metchnikoff'a  work  makes  it  more  and  more  proV)- 
able  that  immunity  rests,  iu  great  part  at  least,  upon  the  ]>hagocyte8; 
in  order  that  they  should  lie  most  effective,  it  is  necessary  that  tiie 
white  corpuscles  that  constitute  especially  the  most  active  ui  the  pha- 
gocytes shotdd  lie  collected  in  (ue  place,  tho  threatened  points  of  the 
economy.  And  it  results  from  Bouchard's  exi>erimeutH,  as  well  as 
from  those  of  Ma.ssart  and  Bordet,  that  in  animals  iu  wjjich  the  im- 
munity is  lessened  by  some  of  the  jiredisposing  causes  the  leucocytes 
liave  lost  their  power  of  transporting  themselves  in  the  ueighliorhood 
(if  their  enemies.  Bouchard  inserted  under  the  skin  of  a  rabbit  a 
Hess  cell  filled  with  a  culture  of  the  Imcillus  pyocyaueus.  At  the 
end  of  a  few  hours  the  cell  contained  a  large  numlxr  of  leucocytes; 
but  it  was  not  the  same  if  after  the  introduction  of  the  Hess  cell  ;ai 
intravenous  injection  of  10  c.c.  of  a  sterile  culture  of  tlie  bacillus  pyi  - 
cyaneus  were  made,  then  the  cell  contained  a  very  smal]  inuiiber  of 
the  leucocytes.  In  many  similar  experiments  made  upon  the  rabbit, 
guinea-pig,  and  dog,  with  many  other  bacteria  the  results  have  been 
the  same.  In  another  work  Bouchard  descrilies  the  following  ex- 
(teriment;  He  inserteil  under  tlie  skin  of  rabbits  Hess  cells  tiili'il  with 
a  culture  of  the  baeilbis  of  blue  pus,  leaving  sfime  of  the  uuiiiials  at 
liberty,  and  confining  others  with  a  view  (if  jmnlucing  rcfrigeiatinn ; 
in  the  former  the  cells  were  (piickly  tilled  with  leucocytes,  while  this 
eflfect  was  much  less  marked  in  the  hitter.  These  researches,  as  well 
as  tluwe  of  Massart  and  Bordet,  show  very  clearly  that  the  prcdis- 
7>osing  causes  above  mentitmed  oppose  tlie  gathering  of  the  leueiic.\  tes 
at  the  threatened  ]>oiuts;  their  chemotactic  power  is  thus  diminished 
or  taken  away. 

As  to  the  reason  for  this  loss  of  jiower,  Bouchard  concludes  finm 
his  first  study  that  the  bacterial  ]iroducts  exercise  a  stupefying  effect 
upon  the  leuccK'ytes;  when  a  sterile  culture  is  inti'oduced  into  the 
circulation  the  white  corpuscles  are  jiaralyzed,  and  cannot  mass 
them.selves  in  the  neighborhood  of  the  vinilent  bacteria.  It  is  in  this 
way  that  the  absence  of  the  leucocytes  in  the  Hess  cells  is  to  be  ex- 
l>lained  when  they  are  filled  with  a  culture  of  tho  bacillus  i)yocyaneu8. 
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and  at  the  same  time  10  c.c  of  a  sterile  coltore  fluid  is  injected  into 
the  veins.  But  this  theory  is  open  to  many  objections  that  rest  on 
experimental  evidence,  as  shown  by  Massart  and  Bordet,  whose  re- 
searches were  made  with  the  bacillus  prodigiosus.  Boger  showed 
that  the  injection  of  this  bacillus  made  rabbits  suscejitible  to  symp- 
tomatic anthrax,  and  Vaillard  and  Vincent  also  sL(jwed  the  same 
thing  for  tetanus.  Two  similar  experiments  by  Massart  and  Bordet 
showed  that  the  injection  of  the  bacillus  prodigiosus  facilitates  in  the 
rabbit  the  appearance  of  pyocyanic  disease ;  they  further  seemed  to 
show  that  when  bathed  in  the  culture  of  the  bacillus  prodigiosus  the 
leucocytes  are  neither  stujiefied  nor  paralyzed  (Bouchard),  but  retain 
complete  their  irritability  and  their  motility-. 

Finally,  as  the  result  of  their  work  ui>on  this  general  subject  of 
the  chemotactic  power  of  the  leucocytes,  Massart  and  Bordet  come 
to  the  conclusion  that  the  increase  of  the  susceptibility  of  the  body 
to  tlie  infectious  diseases  may  be  influenced  by  various  causes,  of 
which  the  following  are  some:  1.  The  leucocytes  are  "bathed"  in 
the  fluiils  chargeti  witli  the  products  secreted  either  by  the  bacteria, 
or  by  the  alteretl  cells;  these  products  attract  the  phagocytes,  retain 
them  in  the  tissues,  aud  prevent  their  migration  towards  the  threat- 
ened iMiiuts,  while  under  iionual  conditions  the  phagocytes  move  in 
the  direction  of  these  i)oints  by  virtue  of  their  chemotactic  propier- 
ties.  2.  Tlie  leucocyte.s  are  repulsed  from  the  invaded  regions  by 
jmthogeuic  l)acteriii,  l)ecause  of  products  secreted  by  them  that  have 
a  negative  chemotactic  action.  3.  Anfe.sthetics  facilitate  or  aggra- 
vate infection  by  sujipressing  the  irritability  of  the  phagocytes. 

C'liarriu  aud  Dnelaiix,  sjieakiug  of  bacterial  toxic  pro<lucts  acting 
a.s  secondary  agents  in  the  j>rnductinn  of  infectious  diseases,  explain 
this  as  fnlhiws:  To  ooucjuer  the  resistjince  of  the  bod.v  assistance  is 
oftou  calli'il  iu  l>y  the  bacteria ;  and  among  these  aids  are  often  the  toxic 
sulistances,  aud  this  notion  has  l>een  confirmed  by  experimentation. 
At  tho  same  time  t\\«  authors  seem  to  have  confined  themselves  to  the 
simple  registration  of  faets  without  attempting  to  explain  their  deejier 
lueauiug.  Nevertheless  Boger  aud  Monti  liave  shown  that  under 
these  circumstauces  the  bacterial  poisons  act  much  more  by  an  attack 
ii[)on  the  giMieral  system  than  by  ouo  upon  the  locality  of  develoi>- 
lueut  of  the  bacteria.  Bouchard  also  attempted  to  show  that  the 
action  of  these  poisons  was  es]>ecially  upon  the  phagocytic  activity. 

Since  every  day  made  more  manifest  the  influence  of  various  in- 

toxicjitious  ujwn  the  bacterial  efTeet,  it  seemed  to  be  interesting  and 

of  importance  to  elucidate  the  mechanism  of  this  influence.     The 

xperiuients  consisted  iu  iuooulating  cultures  of  slightly  pathogenic 

aeterift  or  attenuated  cultures  in  animals,  aud  at  the  same  time  in 
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other  localities  injecting  ixjisons  of  various  kinds,  such  as  weak  lactic 
acid,  acetate  of  lead,  bichloride  of  mercury,  tuberculin,  luallein,  and 
pyocyanic  toxins,  thus  utilizing  organic  and  inorganic  poisons.  In 
the  immeuso  majority  of  cases  tlie  tissues  of  an  animal  thus  poisoned 
showed  a  far  larger  number  of  colonies  than  those  of  one  inoculated 
in  the  same  way  l>ut  not  injected  with  the  jioison.  The  facts  demon- 
strated then  that  the  i>oisouiug  influenced  the  (]uantity  of  the  bacteria 
present,  and  further  experiments  were  made  to  show  whether  or  no 
the  quality  was  affected  as  well.  The  results  seemed  to  show  that 
the  poisons  used  teniled  to  lessen  the  (juality  of  the  virus  by  their 
antiseptic  qufdities.  Also  that  in  the  inoculated  animals  the  bac- 
teria, while  they  developed  more  freely  if  tlie  poisons  were  al.so  intro- 
duced, did  not  at  the  same  time  acquire  any  increase  of  viruleuci'. 
Is  this  action  of  the  virus  a  direct  one,  or  is  it  due  to  an  alteration  of 
the  soil  upon  which  the  bacteria  growV  The  al)sencp  of  an  increawf 
of  quality  (viraleuce)  tends  to  show  that  there  is  a  disturbance  of  tlie 
economy  in  which  this  virus  develops,  but  as  always  in  sucli  a  matter 
experimentation  only  can  furnish  the  solution.  It  is  therefore  logical 
to  seek  the  explanation  of  this  excess  of  ijuautity  iu  an  examination 
of  the  jMissible  changes  that  may  have  occurred  in  the  auinial  body 
under  the  iufluence  of  the  introduction  of  the  toxic  elements.  The 
conclusions  to  !»  drawn  from  the  experiments  are  tiuit  tlie  jioisou  acts 
upon  the  means  of  defence  of  the  body  against  tlie  action  of  the  bac- 
teria, and  that  the  particular  defensive  means  that  is  Jiffected  is  the 
phagocytosis  rather  than  the  bactericidal  condition.  Tims,  if  tlm 
liacterial  destruction  due  to  this  phagocytic  power  does  nut  occur  in 
the  animal  ex|Terimented  upon,  while  it  does  occur  in  a  control  ani- 
mal, it  is  clear  that  the  bacteria  must  soon  ap[iear  much  more  nunier- 
ous  in  the  given  animal  than  iu  the  control;  iu  otlier  words,  there  is 
some  marked  disturbance  of  the  orgauism,  whicli  reacts  indirectly 
upon  the  virus.  Tliese  experiments  generalize  the  role  of  pf)isons  in 
the  genesis  of  infection;  they  demonstrate  that  a  virus  (bacterium)  liy 
reason  of  the  toxic  anti|)hagocytic  action,  gains  iu  ainount  without 
increasing  iu  virulence.  It  is,  in  tlie  last  aiiiilywis,  tliis  increase  iti 
number  of  the  bacteria  thatnnikes  tlie  virus  more  remarkable,  wheth- 
er it  really  dej^nds  more  u[ion  its  quantity  or  its  <[iiality. 

Concerning  the  bacterial  jiroducts  favoring  the  develojiment  of 
infection,  Roger  says  that  among  the  substances  secreted  by  the  liac- 
teria  are  some  that  produce  intoxications  and  others  that  produce 
vaccinations,  and  exjieriments  that  he  lias  made  seem  to  demonstrate 
that  they  may  also  favor  the  develoj^ment  of  certfiiu  ]tathogenic 
agents,  at  least  iu  symptomatic  anthrax.  It  is  known,  he  says,  that 
this  bacillus  may  be  injected  into  rabbits  without  result,  but  he  has 
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found  that  when  it  is  associated  with  some  other,  as  the  staphylo- 
coccus pyogenes  aureus,  the  proteua  vulji^aris,  and  especially  the 
bacillus  prodigioaus,  injections  of  the  two  together  give  the  most 
rapidly  fatal  results.  This  fact  is  all  the  more  curious  because  the 
bacillus  protligiosus  is  not  a  pathogenic  bacterium  and  can  be  in- 
jected into  rabbits  without  any  fatal  results  even  iu  enormous  quan- 
tities, so  that  we  have  the  result  that  two  bacteria  that  are  harmless 
by  themaelvea  produce  grave  results  when  injected  together. 

In  attem])tiug  to  explain  the  mechanism  of  the  action  of  the  bacil- 
lus prodigiosas  iu  favoring  the  development  of  symptomatic  anthrax, 
Roger  recognized  that  it  aeted  by  means  of  its  secretetl  products ;  for 
the  anthrax  developed  as  well  when  there  was  injected  at  the  same 
time  with  this  virus  a  sterilized  culture  of  the  bacillus  prodigiosus, 
as  when  a  watery  extract  of  the  cultures  was  used,  that  is  to  say,  the 
matters  that  were  insoluble  in  alcohol.  It  was  entirely  natural  to 
suppo.se  that  these  comijouuds  exercised  a  local  hurtful  influence,  and 
favored  the  development  of  the  infection  by  au  alteration  of  the  mus- 
cle. But  such  an  liypntlie,sis  does  not  conform  to  the  facts,  for  the 
symjitomatic  anthrax  develops  as  well  when  the  autlirax  cultures  are 
injected  iu  one  place,  and  the  prodigiosan  at  another  some  distance 
rt-iijoved,  and  the  results  are  even  more  sure  and  rajnd  when  the  two 
injections  are  made  at  separate  points  than  when  they  are  made  to- 
gether. But  tlie  most  striking  results  are  obtained  when  the  anthrax 
viruM  is  inoculat'cd  iu  a  uiuscle  aud  the  prodigiosus  in  a  vein;  whether 
one  has  used  a  living  culture,  a  sterilized  one,  or  watery  extracts,  the 
aniuml  dies  within  twenty-four  liours  with  an  enormous  anthracoid 
luiiiiir.  This  result  is  obtained  with  minute  doses  of  the  proiligiosus, 
so  much  so  that  while  it  requires  a  dose  of  at  least  1  e.c.  of  a  culture 
of  the  prndigioflus  to  jmiduce  any  result  when  injected  at  the  same 
point  with  thi^  bacillus  of  syiaptomatic  anthrax,  it  needs  only  a  single 
drnj)  of  the  same  culture  to  ]>ro<lnce  the  same  result  when  introduced 
into  a  vein;  this  malady  develops  etjually  well  when  there  is  injected 
into  the  vein  a  single  drop  of  the  watery  extract  of  the  bacillus  pro- 
digiosus, while  if  the  injection  be  made  in  the  muscle,  there  must  be 
used  at  least  2  c.c.  of  the  watery  extract. 

These  ex]>orim()uts  seem  to  deuumstrate  that  the  prodigiosus 
favors  the  anthracoid  development  by  secreting  toxic  substances  that 
once  introduced  into  tlio  circulation  alter  the  condition  of  the  animal 
BO  its  to  render  it  more  susceptible  to  action  of  the  anthrax  material. 

What  the  prodigiosus  can  do,  the  symptomatic  anthrax  bacillus 
can  do  for  itself.  If  the  serous  fluid  of  an  animal  dead  of  anthrax  be 
collected  and  filtered  through  porcelain  it  can  Im  injected  into  animals 
in  doses  of  4  or  5  c.c.  per  kilogram  without  i>roducing  any  appreciable 
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results,  but  if  1  or  1.5  c.c.  be  injected,  and  at  tlie  same  time  a  dose  of 
tlip  iiutLrax  culture  be  given,  the  auimal  will  die  in  a  very  short  time 
with  au  enormous  anthracoid  tumor.  These  results  seem  to  l>e  aual- 
ogous  io  those  obtained  with  the  injection  of  sterilized  cultures  of  tlie 
jirtxligiosuH  with  the  anthrax.  The  aualo^.y  goes  even  further;  in 
both  cases  the  morbid  condition  jiroduced  by  the  bacterial  products 
appears  to  be  only  of  shoi-t  duration,  and  if  twenty-four  hours  be 
allowed  to  elapse  before  the  anthrax  material  is  injected  the  animal 
is  ffuind  to  have  again  become  refractory. 

The  action  of  the  antlirax  serum  raises  a  curious  question :  by  the 
work  of  Itoux,  we  know  that  this  fluid  possesses  au  immuuiziug  power, 
so  that  it  woidd  seem  sometimes  to  favor,  and  sometimes  to  rebird  in- 
fection. But  the  contradiction  is  only  apparent;  the  immunity  pro- 
duced by  vaccine  does  not  exist  immediately  after  the  introductiou  of 
the  vaccine,  but  makes  its  appearance  only  at  a  varying  interval  after 
its  injection;  while  on  the  other  hand  the  predisposition  created  by 
the  soluble  materiid  is  fleeting  and  does  not  bust  for  more  than  twenty- 
four  hours,  vio  that  one  of  two  liypotheaes  must  bo  assumed,  namely, 
either  the  anthrax  serum  contains  a  numlier  of  si'kstauces  both  chem- 
ically and  physiologically  distinct,  and  the  action  of  the  vacciue  does 
not  become  manifest  until  after  the  elimiuatitm  of  the  toxic  suli- 
stances;  or,  artificial  immunity  l^ing  due  to  an  alteration  in  the 
nutrition  of  the  cells  of  the  organism  (Bouclmrd),  the  vaccine  is  able 
to  bring  on  troubles  that  diminish  the  resistiince  of  the  animal. 

The  prmluction  by  the  anthrax  bacillus  of  elements  tliat  favor  its 
development  explains  a  result  ol>tained  by  Roger  in  the  course  of  Ids 
researches.  The  rabbit,  that  resists  so  successfully  the  iiijectifni  of 
the  anthrax  bacillus  iu  its  muscular  tissue,  yields  very  readily  to  an 
inoculation  in  the  anterior  chaiiil»er  of  the  eye;  so  that  if  an  iiijectinii 
be  made  at  the  same  time  in  the  eye  and  the  muscle  of  the  abdonieii 
there  appears  at  this  latter  point  an  enormous  tumor  of  anthracoid 
material;  thus  one  bacterial  point  may  favor  the  development  of  an- 
other at  a  distance  from  the  primary  lesion.  In  the  actual  ease  the 
aymi»tomatic  anthrax  would  not  have  lieen  develo[>ed  in  the  alKlomen 
had  not  the  inoculation  l>eeu  also  made  iu  the  eye;  t!ie  products  that 
were  secreted  at  this  point,  having  Ijeen  absorbed,  destroyed  the  im- 
munity of  the  rabbit,  precisely  as  if  the  soluble  products  were  injected 
directly  into  the  vein. 

The  facts  here  reported  seem  to  justify  the  conclusion  that  among 
the  bacterial  products  there  are  some  that  diminish  tlie  resistance  of 
the  animal  to  infectii>us  diseases ;  sometimes  it  is  a  bacterium  entirely 
harmless  under  ordinary  conditions  that  elaborates  some  soluble  ma- 
terial that  places  the  animal  in  a  susceptible  condition,  unable  to 
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struggle  against  the  infectious  agents,  sometimes  it  is  the  bacterium 
itself  that  secretes  substances  that  favor  its  own  development. 

The  Locvl  Lesion. 

Bouchard's  theory  of  the  part  played  by  the  local  lesion  and  its 
mechanism  in  infectious  diseases  is,  at  least,  interesting.  He  had 
remai-keil  for  a  long  time  that  the  greater  the  susceptibility  the  less 
the  local  leHion,  but  ha.s  taken  care  to  add  that  the  local  lesion  re- 
inforces the  immmiity  and  ilimiuishes  the  severity  of  the  general  dis- 
ease. The  two  formuliLs  do  not  conflict,  and  the  one  is  not  entirely 
contained  iu  the  other.  He  selects  from  facts  of  pathology  examjilM 
of  these  two  laws.  Man  is  more  refractory  to  anthrax  than  the  rab- 
bit; inoculation  of  the  anthrax  bacillus  in  man  produces  malignant 
pustule,  ti  luviii  lesion  that  is  not  often  generalized;  the  same  Imeillus 
inocidated  iu  ralibits  ju'oducps  a  general  infection,  or  at  least  one  tlist 
is  only  very  rarely  and  slightly  localized.  Charrin  has  demonstrated 
that  the  guinea-pig  is  less  susceptible  than  is  the  rabbit  to  the  bacil- 
lus jiyocyaueus,  and  he  has  demonstrated  that  the  subcutaneous  in- 
oculation (if  tlie  bacillus  pyocyaneus,  which  usually  produces  iu 
the  rabbit  a  general  infection  without  any  local  lesion,  results  in  the 
guinea-pig  iu  a  nmlule  limited  to  the  point  of  inoculation,  which 
ulcerates,  uudergoes  molecular  uecrosis,  is  discharged,  and  cicatrizes 
slowly,  witliout  iu  the  vast  majority  of  cases  producing  anything 
lik(!  a  general  infection. 

The  normal  resistance,  the  immunity  as  it  is  called,  therefore 
favors  the  development  of  a  local  lesion.  An  absolute  immunity  jire- 
vents  the  develoinuent  of  any  lesion,  either  local  or  general.  An 
entire  absence  of  immunity  result.s  in  a  general  infection,  very  often 
without  any  local  lo.siuu  at  all.  A  relative  immunity  imposes  as  a 
rule  the  production  of  a  local  lesion  that  ordinarily  is  not  foOowed  by 
a  general  iiifccliou. 

Oil  tlie  other  hand,  the  appearance  of  a  local  lesion  at  the  point 
of  inoculation  produces  or  reinforces  the  immunity  and  diminishes 
the  severity  of  the  general  infection  as  well.  It  has  been  known  for 
a  long  time  that  inoculated  variola  gives  rise,  some  days  after  the 
api>earance  of  the  i)riinary  vesicles,  to  a  general  infection  that  ia  much 
less  severe  than  ordinary  variola,  where  the  infection  has  taken  place 
by  the  arrest  of  the  infectious  element  by  the  lungs,  infinitely  less 
severe  than  variola  in  the  fa'tus,  where  the  general  infection  takes 
place  through  the  bloml.  Ac(iuired  syphilis  as  contrasted  with  con- 
genital syphilis  is  also  an  e.vample  of  this,  and  many  experimental 
infectious  diseases  might  also  be  (juoted.     If  the  local  lesion  pro- 
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duced  a  relative  immunity,  it  mi^lit  be  Bupposetl  tliat  Bouchard  Iiad 
made  an  error  of  ai^preciation  in  the  first  category  wliere  it  waa  said 
that  the  relative  immunity  produced  the  appearance  of  the  local  le- 
sion. It  might  be  said  that  if  these  animals  appear  to  be  refractory, 
it  is  because  they  are  able  to  make  a  local  lesion,  and  that  this  lf>cal 
lesion,  circumscribing  the  disease,  prevents  it  from  becoming  general. 
Charrin  submitted  to  the  Academy  certain  experiments  that  appeared 
to  demonstrate  that  this  iuterinetation  was  erroneous.  Ho  hatl  said 
that  the  sulwntaneous  inoculation  of  the  bacillus  pyoeyaneus  in  the 
guinea-pig  pnxluces,  at  the  point  of  inoculation,  a  vfiluminous  tumor, 
that  ulcerates  and  discharges  slowly,  and  that  nothing  of  the  sort  is  to 
be  seen  under  similar  circumstances  in  the  case  of  the  rabbit.  He 
attributed  this  difference  to  the  greater  resistance  of  the  guijioa-jiig 
to  its  natui'al  immimity.  He  showed  also  that,  if  in  the  iirst  plac'e  an 
immnnitj  is  protluced  in  the  rabbit,  the  same  local  lesion  without 
general  infection  apjwars  as  in  the  guinea-pig  upon  inoculation  with 
the  bacillus  pyocyaneus. 

Charrin  has  shown  that  the  rabbit  can  be  immunized  in  varying 
degrees,  either  by  injecting  successively  under  tiie  skin  small  doses 
of  the  bacillus  pyocyaneus,  by  introducing  into  the  veins  sinail  doses 
of  the  same  culture,  or  by  introducing  under  the  skin  or  in  the  veins 
the  cultures  from  which  all  the  bacteria  have  been  removed  either  by 
heat  or  by  filtratiuu.  Bouchard  has  demoustrated  that  the  same  im- 
munity can  he  established  by  the  injection,  either  subcutaueouslj,'  or 
intravenously,  of  the  urine  of  animals  affected  witli  the  jiyiic\anic 
disease.  If  in  such  animals  there  be  injected  into  the  veins  a  (jutm- 
tity  of  a  virulent  culture  of  this  bacillus  (sufficient  to  kill  in  twenty- 
four  hours  a  fresh  rabbit),  it  will  Iw  seen  that,  in  accordance  witli  the 
length  to  which  the  immunizing  haa  been  pushed,  there  will  be  jiro- 
duced  either  no  result  whatever,  or  else  a  chronic  malady  from  which 
the  animal  wifl  recover.  If  a  culture  (virulent)  that  in  fresh  juiiiuals 
will  not  produce  any  local  disturbance  l>e  injected  iutn  tliese  aiiinials, 
there  wiU  be  seen  at  the  point  of  inoculation  a  nodule  that  ulcerates, 
dischai-ges  slowly,  and  cieatrizes  in  a  few  weeks,  similar  to  that  wliich 
api>ears  in  the  non-immunized  guinea-pig.  In  this  case  it  is  not  the 
local  lesion  that  lias  produced  the  immunity ;  this  preexisted,  niid  it 
is  because  of  the  presence  of  the  immunity  that  the  locid  lesion  has 
appeared. 

In  this  discussion  of  the  causes  of  the  production  of  the  local  le- 
sion, it  is  certain  that  account  must  be  taken  not  alone  of  the  vari- 
ations of  the  immunity,  but  also  of  the  variations  in  the  virulence  of 
the  bacteria,  and  of  the  number  as  well.  The  greater  the  A-irulence 
or  the  number  of  the  bacilli  the  greater  the  chances  of  general  infec- 
voT.  xm IS 
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tion.  In  a  geceral  way,  if  the  immunitj  ia  nothing,  or  if  the  viru- 
lence is  exceaaive,  the  local  lesion  is  absent,  the  infection  ia  aa  a  rule 
general ;  if  the  immunity  is  absolute  or  the  virulence  ia  nothing,  the 
local  leaiou  may  not  be  apparent,  but  the  general  infection  is  also 
absent;  if  the  immunity  is  relative  or  if  the  virulence  is  moderate, 
there  is  a  great  chance  that  there  will  be  produced  a  lotral  lesion;  but 
if  tliis  local  lesiou  does  appear,  the  general  infection  will  not  occur; 
it  wilt  ajipear,  however,  if  the  local  leaiou  does  not. 

Bouchard's  experimeutH  j)ermitted  him  to  study  the  mechanisni 
of  the  iiroductif)u  of  the  local  lesiou,  aud  of  the  protection  that  it 
exerts  upou  the  remainder  of  the  organism.  These  exi>erimenta  were 
made,  with  the  asaistaijco  of  Charrin,  with  the  bacillus  lo-ocyaneus, 
aud  gave  re.sults  very  similar  to  those  obtained  by  Metchnikoff  with 
nther  liacteria.  In  two  series  of  rabbits,  oue  healthy  the  other  im- 
muuized  for  varying  periods,  even  for  two  mouths,  there  was  injected 
at  the  same  time  the  same  quantity  of  a  culture  of  the  bacillus  pyo- 
cy aueus ;  iu  some  also  there  were  inserted,  instead  of  the  inoculation, 
some  of  Hi'ss's  capillary  cells,  previously  sterilized,  ami  freely  coni- 
muuicatiiig  with  the  cellular  tissue.  At  regidar  iutervals,  a  little  of 
the  fluid  tliat  coUectwl  fit  the  site  of  the  introduction  of  the  cells  waa 
takfu  from  the  auimals  of  the  two  series.  It  was  determined  that  the 
Hwidliug,  very  much  greater  in  the  immunized  auimals  than  in  those 
\uitouchod,  was  made  up  of  a  collection  of  leucocytes  that  appeared 
in  both  series  fif  auimals,  liut  was  very  slight  iu  the  non-immunized 
auimals,  very  marked  iu  those  immunized;  and  among  them  the 
diapodesis  weut  ou  gradually  iucreasiug,  while  it  remained  practi- 
cally stjitiouary  iu  tlie  uou-immunized  animals.  It  is  an  under-state- 
ment  that  at  the  end  of  four  liours  the  proportiou  of  leucocytes  was 
oue  iu  the  nou-imiuuuized  to  oue  hundred  in  the  immunized.  The 
dilTrieuce  betwciu  tlie  two  series  of  auimals  was  uot  less  as  regards 
dia[)('desis  thau  as  regards  phagocytosis.  In  the  non-immunized,  it 
is  nuusual  U>  tiud  barilU  in  the  interior  of  the  leucocytes;  among  the 
iiiiuiuni/.i'd,  the  bacilli  were  to  he  found  in  the  migratory  cells  after 
tlie  fnurtli  hour.  .A.t  the  end  of  six  hours  and  a  half  practically  all 
of  the  cells  (leiicocyt«^s)  contained  them;  the  bacilli  were  then  very 
sliarjily  nutliued,  j>ossessed  all  their  characteristics,  and  were  more  or 
less  nuiiuTous  iu  every  coll — as  many  as  thirty  being  found  iu  oue  cell. 
It  does  Ufit  appear  that  phagocytosis  is  seen  iu  such  a  marked  fashion 
iu  auy  other  disease.  Littlt>  li\  little  tlie  ba<'illi  alter  iu  appearani'e, 
become  deformed,  broken  n\>,  aud  dissolve  into  granules,  Sixteen 
hours  after  the  iuocidation  those  modifications  are  almost  eutirely 
completc^d,  aud  at  the  end  of  twenty-four  houra  it  is  with  difficulty 
that  the  bacteria  are  made  out  at  all,  the  iligestion  is  completed. 
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The  number  of  free  bacilli  varies  remarkably,  accordiiiK  as  one  is 
examiuing  the  immunized  or  the  non-immunized  animals.  The  mmi- 
ber  that  is  the  name  at  the  time  of  the  inoculatiou  gradually  increases 
in  the  non-immunized  (inimals;  it  seems  to  remain  stationary  iu  the 
immunized  animals,  and  at  tlie  end  of  the  fnurtli  hour  it  diminishes 
very  rapidly.  At  the  end  of  six  and  a  half  himrs,  while  the  bacteria 
are  crowded  in  the  serous  duid  of  the  mm-immuuized,  there  can  be 
made  out  only  four  or  five  to  the  microscopic  field  in  the  immunized. 
In  the  latter,  after  tiventy-four  jind  a  half  hours,  it  was  iinssible  to 
find  only  two  free  bacilli  iu  four  prejiaration-s.  The  fact  is  to  l)e 
insisted  upon  that,  while  at  the  end  of  the  fourth  hour  the  jjlia^o- 
cytosis  has  but  just  Iteenme  manifest,  the  difference  is  idready  euor- 
moiis;  and  this  leads  Bouchard  to  surmise  that  l)efore  any  cellular 
intervention  whatever  the  bacilli  find  coiiditiiiiis  in  the  imnmiii/od 
that  are  entirely  unfavorable  to  tlieir  growth,  and  which  do  not  exist 
in  non-immunized  or  suHcejitible  animals ;  but  he  does  not  kuow  wheth- 
er this  unfavorable  influence  prepares  or  makes  possible  the  phaj^o- 
cytosis.  In  any  case  the  bacilli  are  not  killed  l>efore  the  jihagocyto- 
sis,  they  remain  etiimlly  motile  amony  immunized  and  iion-immunixed 
auimals.  These  exi>eriments  make  it  possible  to  admit  that  in  the 
infectious  diseases,  in  the  p.vocyanic  disease  at  least,  the  animal  can 
conquer  the  pathogenic  bacterium  because  of  having  at  the  start  a 
certain  power  of  resistance,  and  that  this  resistance — relative,  nat- 
ural, or  acquired  immunity — acts  by  multiple  proceduies,  nr  results 
from  diverse  acts:  (1)  iu  auimals  with  a  relative  immunity  the  fluids 
are  a  medium  unfavorable  for  the  develojyment  of  tiie  bactei'ia;  (2)  in 
such  an  auimjd  the  dia]>edesis  of  the  leucocytes  occurs  in  the  zone 
firet  invaded  with  much  the  greater  intensity,  so  as  to  i>roduce  a  pri- 
mary tumor,  a  local  lesion;  (3)  in  siich  an  animal  the  leucocytes 
exuded  jKissess  iu  a  very  marked  degree  the  jiower  of  ])hagoi'ytosis 
which  is  almost  absent  in  the  susceptible  animal,  and  by  this  power 
the  bacteria  are  destroyed  at  the  site  of  the  local  lesion;  (4)  it  is  to 
be  added  that  during  their  short  existence  in  the  iocal  lesion  the  bac- 
teria have  continued  to  secrete  soluble  immunizing  material  which, 
when  absorlscd,  reacts  upon  the  general  system  in  a  way  to  increase 
still  more  its  resistance. 

In  this  connection,  Bouchard's  theory  of  infection,  cure,  and  im- 
munity is  of  interest.  He  has  been  able  to  deduce  from  experimental 
facts  jdready  conniniuicated  to  the  French  Academy  a  new  system  of 
infection  and  immunity.  If  the  infectious  agent  upon  inoculation 
enters  an  animal  which  furnishes  a  very  bactericidal  medium  it  does 
not  develop,  and  no  ilisease  makes  its  a]>pearance;  if  the  living  ani- 
mal fumislies  a  favorable  mediiun,  the  bacterium  develops  immedi- 


KfcclftalitteiiMapmodcfdegB— iioa.  Fora^wry  ■hori  time, 
■oasqBBfterofaabixrarKii,  ite  —Miiilii  1111111  m g—jwidwl,  both 
ttm  fives  and  bnr  meaDB  of  iis  diailMes  it  adapts  tiie  mai^ial  of  the 
n  wUek  ii  maj  be  io  iia  ■eeda;  after  a  time  its  liiiidered  de- 
tmppemtB,  WheOm  fte  deftelopment  bas  bem  iTnwwxiiatA 
or  baa  been  pieeeded  hj  a  period  of  qoieeceDce,  tbe  maladr  com- 
mrnrra  At  the  aaae  tiiM  as  it  derelope,  it  secretes  in  a  greater  or 
kaa  aiif^rt  «**"'k*T  in^i'iiii '  ■  ■,  ol  which  some  act  upon  the  nervous 
STstem,  pmdncing  cbanges  of  tbe  einmlation  or  of  the  temperatnr?, 
manif^'sted  br  cephalalgia,  deliriom,  coma,  conmlgions,  etc. ;  others 
inflnence  all  the  celb  of  the  body,  change  their  natritiye  type,  and  bv 
th<>ir  intervention  so  modify  the  chemical  composition  of  the  floids  of 
the  Ixidy  that  thev  may  become  bactericidal.  This  last  effect  is  slow 
in  making  its  appearance,  Imt  it  is  dorable.  The  toxic  subetanoes 
acting  af>on  the  nerrons  system  are  more  rapid  in  their  action,  bnt 
thfeir  results  are  mach  more  fleeting ;  in  the  number  of  these  rapid 
Imt  fleeting  results  are  to  be  included  the  paralysis  of  the  yasodilator 
central  neryoas  system,  which  makes  impossible  the  passing  out  of  the 
wliite  corj)asoles  from  the  vessels. 

.\.s  sof'in  .'IS  the  numlx-r  of  the  bacteria  becomes  so  considerable 
tliat  their  i»roducts  cannot  Ije  neglectetl,  tbe  febrile  as  well  na  the  tosic 
■tymptorns  make  their  ai>i)earance ;  phagocytosis  aloue  cau  come  to 
tlie  rescne  of  the  threatened  body.  But  phagocytosis  is  renderetl  im- 
jrfjs.sible,  ljecau.se  at  the  same  time  with  its  other  products  the  bae- 
teriuiii  lias  secreted  the  material  that  preveuta  diapedesis.  Therefore 
in  a  iiifditiin  tliat  is  airead.v  favorable  to  its  development  and  i>ro- 
teetf'il  against  the  mrtst  irnjiorbuit  of  tlie  cellular  reactions,  it  contin- 
uf'S  to  grow  and  to  Hwrete  it.s  prmlnets  freely ;  intoxication  increases, 
tliiv  dinoano  Ix-comes  at^gravated,  and  deatli  occurs  during  this  periotl. 
lint  during  tliis  tirao  tlio  materials  that  change  the  nutrition  of  the 
cells  were  Ixnng  Beeretwl  also,  although  their  more  gentle  action  was 
Tiot  yet  manifest.  At  HoniR  moniont  tliey  become  sufficiently  power- 
ful HO  to  act  upon  the  cells  that  their  nutritive  type  is  changed  (modi- 
fied), and  the  fluids  are  in  consecjueuee  changed  chemically.  The 
Kaetericidftl  couditiou  is  a  ])OHHiblG  efifect  of  this  chemical  change. 
It  ajiipcars  late;  but  from  tlio  tiino  that  it  exists  the  life  of  the  bac- 
ti'i'iuiri  is  influenced,  its  growth  either  becomes  slower  or  is  arrested, 
and  it.s  WMTetions  are  suspendi'il.  The  material  that  opi^oses  the 
diajiedesis  in  jiartic'ular  no  longer  paraly/es  the  vasodilator  centres. 
Then  the  white  eor)H]Mcles  jiass  out  of  the  vessels,  and  phagocytosis 
Hnally  destroys  tiio  bacteria  ah'eady  weakened  by  the  bactericiilal 
oudition;  this  is  fHj-e. 
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Cure  is  the  first  manifeatation  of  acquired  immunity.  The  bao- 
terifidal  coudition  proiluced  by  the  ]>a89ing  impreguation  of  the  cells 
brought  iu  contact  with  the  immuiiiziiig  elements  persistw  for  a  long 
time  after  the  elimination  of  these  elements.  If,  in  the  immunized, 
this  bactericidal  condition  is  very  pronounced,  the  bacterium  that 
produced  the  first  attack  cannot  develop  when  iutriHluced  in  a  second 
inoculation ;  there  does  not  occur  either  a  general  or  a  local  infection, 
the  immunity  is  alisolute.  If  the  bactericidal  condition  is  less  pro- 
nounced it  does  not  destroy  the  life  of  the  bacterium,  but  attenuates 
it  and  lessens  the  activity  of  its  secretions;  one  of  them  in  particular 
becomes  incapable  of  paralyzing,  as  before,  the  vfisodilattir  system, 
diapede.si8  is  not  prevented,  and  jihagocytosis  arrests  and  ends  the 
infection  in  its  original  site.  The  local  lesion  has  been  made  jMssi- 
ble,  and  it  prevents  the  appeai'auce  of  the  general  infpL-tif)U. 

Natural  immunity  does  not  depend  upon  the  bactericidal  con- 
dition ;  it  results  from  the  greater  resistance  that,  in  certjiin  specieH 
of  animals,  the  vasodilator  system  opposes  to  tho  paralyzing  nja- 
terials.  The  jiroof  is  that,  if  there  Ite  injected  into  these  animals 
certain  bacteria  that  onlinarily  start  up  tliapetlesis  and  are  pathogenic 
to  other  animals,  this  diapedesis  is  not  manifest  if  there  1)6  injected 
at  the  same  time  with  the  virus  that  they  resist  a  strong  dose  of  the 
material  that  prevents  diajiedesis.  It  can  be  determined  then  that 
diapedesis,  and  by  consequence  i)ha^ocyto8i8,  is  not  produced;  it  can 
further  be  seen  that  the  general  infection  does  occur 

Eacl\l  Temper^vtube. 

Racial  temperature  has  lieen  shown  to  have  much  influence  ujkiu 
the  susceptibility  to  specific  infectious  dise'ases.  Many  observei's 
have  investigated  the  subject,  Pasteur  among  the  first,  with  autlirux 
in  frogs.  Wagner  studied  the  action  of  anthrax  infection  iu  normal 
chickens,  jis  well  as  in  those  artificially  cooled  (liy  water  and  anti- 
pyretics) and  narcotized.  The  inoculations  were  made  with  anthrax 
bacilli,  as  well  as  spores  in  the  anterior  charaljer,  under  the  skin,  and 
iu  the  blood.  As  a  preliminary  researdi,  a  uuniber  of  control  cul- 
tures were  made  in  blocxl  serum,  defibrinated  blood,  and  iu  the  aipie- 
(rtis  humor  of  chickens,  which  showed  that  tliese  fluids  were  not 
inimical  to  the  growth  of  tho  anthrax  bacilbis,  f(ir  it  developed  well 
iu  them,  and  also  showed  undiminished  virulence  ujion  iuciculatiou 
in  rabbits  and  guinea-pigs.  So  that  tho  cause  of  tho  ininiunity  of 
healthy  chickens  to  anthrax  is  not  to  be  fuuiid  iu  the  fact  tliat  the 
fluids  are  not  favorable  to  the  growth  of  the  bai'iUi.  Wherein  it  is  to 
be  found  is  shown  by  the  first  series  of  experiments  (infection  of 
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liealtbj-  birds).  The  injectetl  bacteria  grow  exceedingly  well  for  the 
first  day  at  the  point  of  inoculation;  on  the  second  day  begins  a 
phagocytosis,  which  in  most  casps  advances  so  rapidly  that  on  the 
thirtl  day  it  is  not  possible  to  make  out  any  bacteria  at  all,  they  have 
all  been  eliminated.  The  ex{>eriments  with  injections  in  the  blood 
gave  similar  results,  the  bacteria  being  removed  from  the  organ- 
ism 1)y  phagocytosis.  The  temperature  of  the  inoculatetl  animals 
rose  a  degree  to  a  degree  and  a  half,  remained  at  this  range  for  a  dav, 
and  returned  to  tlio  normal  at  the  same  time  that  all  the  bacilli  dis- 
iipi)eared.  Birds  that  at  the  same  time  were  cooled  by  placing  tbe 
lower  half  of  their  Ixidy  in  water  at  25°  C,  died  with  typical  anthrax 
Hvmptoms—- phagocytosis  was  reduced  to  a  minimum.  The  control 
;iiiimals  that  were  put  in  the  cooling  apparatus  showed  no  ill  effecta 
from  the  cooling. 

Out  of  eleven  animals  in  which  the  cooling  was  effected  by  the  ad- 
miuLstration  uf  autipyriu,  six  were  attaclicd  with  the  disease;  of  these 
live  died,  aud  the  other  recovered.  This  result  wa.s  to  lie  explained 
by  the  fact  that  the  autipyriu  reduced  the  temperature  for  only  an 
linur,  and  so  the  iminuiiity  wan  su.si>euded  fnr  but  a  short  time. 

This  observation  showed  that  the  diminution  of  the  immunity 
was  due  to  the  diminution  of  the  phagocytic  activity,  and  also  su^'- 
gosted  the  attempt  to  diminish  the  immunity  by  narcotizing  the  leu- 
cocytes without  atlVcting  the  liody  teuijierature.  Out  of  eight  chick- 
eus  iuocuhitf'd  with  anthrax,  after  1»eiug  do.sed  with  chloral  hydrate, 
one  died  (aftf'r  about  sixty  houra) ;  of  the  others,  three  died  from  the 
ddoral  hydrate,  and  the  remaining  four  lived.  In  these  also  the  local 
reactitm  (axlema')  was  well  marked,  but  it  disapjfeared  later.  The 
weak  action  of  tlie  cliloral  hydrate  ujMin  the  resistance  of  chickens  to 
aiitlirax  is  tn  lie  explained  l>y  the  fact  of  the  paralyzing  effect  of  the 
drug  upon  the  nervous  system. 

Ceutauni,  in  jiarticular,  has  given  attention  to  infectious  fever, 
with  especial  n-ference  to  the  latest  knowledge  upon  the  subject. 
The  research  divides  itself  iutn  three  partw:  (1)  On  the  agents  that 
bring  ou  tlie  fever;  (2)  on  the  mechanism  of  its  working  in  the 
nrgiiuism;  (H)  on  the  tlierapeutic  (juestions  involved  in  the  haudliug 
of  tlie  fever.  The  conclusions  of  his  work  are  summed  up  as  follows: 
1.  Tin'  produi-tiiiii  of  the  luicterifil  fevers  is  carried  ou  by  a  general 
iiitiixicatiuu  with  a  poison  (]»yn)toxina  bacterica)  which  has  its  origin 
in  the  interi<u*  of  the  bacterial  cells  themselves,  and  differs  in  its 
properties  from  the  as  yet  better  known  bacterial  poisons  (ptomai-us, 
euzytuea,  toxalbumius).  2.  This  poison  is  widely  distributed  and 
common  to  all  bacteriii,  so  tliat  it  is  found  in  nou- pathogenic,  as  well 
as  in  jiathogenic  varieties,  and  idways  with  the  same  properties. 
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For  the  productioE  of  the  fever  poison  there  were  employed  es- 
pecially fluid  culture  media,  and  cultures  a  week  nld.  The  medium 
should  contain  no  peptone;  the  author  calls  the  j)roduct  pp-ofoxi)ia 
bacterica.  The  cultures  were  extracted  for  three  hours  at  a  temper- 
ature of  00°  C. ,  and  then  for  as  long  a  time  at  boiling  temperature. 
The  bacteria  were  filtered  oflf  by  a  Chamberland  filter,  and  the  filtrate 
was  moistened.  The  impurities  (remains  of  the  culture  medium  and 
soluble  products  ul  the  bacteria)  were  tlisaolved  in  alcohol  and  re- 
moved. The  jirecipitate  aud  the  fever  poinon  were  dissolved  in  dis- 
tilled water,  the  fluid  was  placed  in  a  dialyzer  of  parchment  paper  iu 
a  ylass  (filled  witli  distilled  water)  and  protected  by  chloroform  or 
thymol  from  putrefactive  changes. 

The  water  first  passing  through  the  dialyzer  was  rejected,  Deiug 
rich  in  salts  aud  i-oloriug  matter;  that  coming  after  was  coucentrated 
after  two  or  tliree  days.  This  concentrated  solution  of  the  active  aud 
albuminoid  free  princi]iles  was  treated  with  alcohol,  and  the  resuUing 
precipitate  was  washed  later  with  water  aud  again  prei-ipitated  with 
alcohol.  Tlie  i)rej)aration  was  isolated  by  pouring  ofl"  the  alcohol 
and  then  drying  over  sidpburic  acid.  The  body  is  au  ainor[)hims 
jKjwder  soluble  iu  neutral  or  faintly  acid  or  alkaliue  water  and  iu 
alcohol  up  to  ninety  per  cent.,  but  jirecipitated  by  stronger  alcohol, 
and  insoluble  in  chloroform  or  ether. 

A.S  culture  media,  urine,  the  usual  oouillon,  or  meat  extracts 
with  sugar  or  glycerin  are  useful.  The  pyrotoxin  gives  no  reaction 
with  Millon  or  the  biuret  test,  as  does  xanthoproteic  acid,  aud 
no  ]>recipitate  follows  with  ferrocyanide  of  potassium  aud  iU'etic 
acid. 

All  albumiuoiiia,  to  which  the  toxic  product**  lieloug,  are  excluded 
— the  toxijjeptoues,  ttixalbuminoses,  proteius,  aud  alkalialbumins  of 
Buchner.  as  well  as  tiie  ptomaius  aud  enzymes.  Tlie  coagulabhv 
albuminoids  are  shut  ofiF  by  the  heating.  The  I^yrotoxin  therefore  is 
a  l)f)dy  that  belongs  iu  uo  one  of  the  known  categories  of  bacti^rial 
products.  Inoculated  with  this  pyrotoxiu  rab1)its  showed  all  the 
]iheDoniena  of  bacterial  fever.  The  changes  of  temperature  mani- 
fested themselves  first  by  a  fall  of  a  degree  aud  a  half,  and  th(ni  tlir-ro 
o<;curred,  in  about  two  hours  after  tbe  iujectiou,  a  rise  to  from  ill*  - 
41.5"  C  A  further  residt  was  the  extreme  emaciation.  The  diges- 
tive apjiaratus  was  also  affected,  as  evidenced  by  the  occurrence  nf 
diarrhoea  and  loss  of  appetite.  Nor  were  the  other  clinical  ayiup- 
toms,  quickening  of  the  pulse  and  respiration  and  diminislied  sensi- 
bility, lacking. 

Pj-rotoxin  acts  usuallj'  like  a  bacterial  centre.  In  cajiillary  tnlies 
under  the  skin  it  produces  a  positive  chemotaxis ;   injected  iu  solu- 
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straggle  against  the  infections  agents,  sometimes  it  is  the  bacteriom 
itself  that  secretes  substances  that  favor  its  own  development. 

The  Local  Lesion. 

Bouchard's  theory  of  the  part  plajed  by  the  local  lesion  and  its 
mechanism  in  infectious  diseases  is,  at  least,  interesting.  He  had 
remarked  for  a  long  time  that  the  greater  the  susceptibility  the  less 
the  local  lesion,  but  has  taken  care  to  add  that  the  local  lesion  re- 
inforces the  immunity  and  diminishes  the  severity  of  the  general  dis- 
ease. The  two  formulas  do  not  conflict,  and  the  one  is  not  entirely 
contained  in  the  other.  He  selects  from  facts  of  pathology  examples 
of  these  two  laws.  Man  is  more  refractory  to  anthrax  than  the  rab- 
bit; inoculation  of  the  anthrax  bacillus  in  man  produces  malignant 
pustule,  a  local  lesion  that  is  not  often  generalized ;  the  same  bacillus 
inoculated  in  rabbits  produces  a  general  infection,  or  at  least  one  that 
is  only  very  rarely  and  slightly  localized.  Charrin  has  demonstrated 
that  the  guinea-pig  is  less  susceptible  than  is  the  rabbit  to  the  bacil- 
lus pyocyaneus,  and  he  has  demonstrated  that  the  subcutaneous  in- 
oculation of  the  bacillus  pyocyaneus,  which  usually  produces  in 
the  rabbit  a  general  infection  without  any  local  lesion,  results  in  the 
guinea-pig  in  a  nodule  limited  to  the  point  of  inoculation,  which 
ulcerates,  undergoes  molecular  necrosis,  is  discharged,  and  cicatrizes 
slowly,  without  in  the  vast  majority  of  cases  producing  anything 
like  a  general  infection. 

The  normal  resistance,  the  immunity  as  it  is  called,  therefore 
favors  the  develoi)ment  of  a  local  lesion.  An  absolute  immunity  pre- 
vents the  development  of  any  lesion,  either  local  or  general.  An 
entire  alwonce  of  immunity  results  in  a  general  infection,  very  often 
without  any  local  lesion  at  all.  A  relative  immunity  imposes  as  a 
rule  the  pnKluotion  of  a  local  lesion  that  ordinarily  is  not  followed  by 
a  general  infection. 

On  tlie  otljor  liand,  the  ai)i)earance  of  a  local  lesion  at  the  point 
of  imx^nlation  pr<Kluces  or  reinforces  the  immunity  and  diminishes 
the  severity  of  tlio  general  infection  as  well.  It  has  Ix^en  known  for 
a  long  time  that  inoculateil  variola  gives  rise,  some  days  after  the 
ap|H>aranoo  of  the  primary  vesicles,  to  a  general  iufecticm  that  is  mucli 
less  8«>v«>n>  than  ordinary  variola,  where  the  infection  has  taken  place 
by  the  am»Ht  of  tlie  infections  element  by  the  lungs,  infinitely  less 
seven*  than  variola  in  the  f(L>tus,  where  the  general  infection  takes 
place  througli  the  bhHxl.  Acipiireil  syphilis  as  contrastetl  with  con- 
genital sypliilis  is  also  an  example  of  this,  and  many  experimental 
iuf(H<tious  diseases  might  also  be  (juoted.    If  the  local  lesion  pro- 
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duced  a  relative  immnnity,  it  might  be  supposed  that  Bouchard  had 
made  an  error  of  appreciation  in  the  first  category  where  it  was  said 
that  the  relative  immunity  produced  the  appearance  of  the  local  le- 
sion. It  might  be  said  that  if  these  animals  api)ear  to  be  refractory, 
it  is  because  they  are  able  to  make  a  local  lesion,  and  that  this  local 
lesion,  circumscribing  the  disease,  prevents  it  from  becoming  general. 
Charrin  submitted  to  the  Academy  certain  experiments  that  appeared 
to  demonstrate  that  this  interpretation  was  erroneous.  He  had  said 
that  the  subcutaneous  inoculation  of  the  bacillus  pyocyaneus  in  the 
guinea-pig  produces,  at  the  point  of  inoculation,  a  voluminous  tumor, 
that  ulcerates  and  discharges  slowly,  and  that  nothing  of  the  sort  is  to 
be  seen  under  similar  circumstances  in  the  case  of  the  rabbit.  He 
attributed  this  diflference  to  the  greater  resistance  of  the  guinea-pig 
to  its  natural  immunity.  He  showed  also  that,  if  in  the  first  place  an 
immunity  is  produced  in  the  rabbit,  the  same  local  lesion  without 
general  infection  appears  as  in  the  guinea-pig  upon  inoculation  with 
the  bacillus  pyocyaneus. 

Charrin  has  shown  that  the  rabbit  can  be  immunized  in  varying 
degrees,  either  by  injecting  successively  under  the  skin  small  doses 
of  the  bacillus  pyocyaneus,  by  introducing  into  the  veins  small  doses 
of  the  same  culture,  or  by  introducing  under  the  skin  or  in  the  veins 
the  cultures  from  which  all  the  bacteria  have  been  removed  either  by 
heat  or  by  filtration.  Bouchard  has  demonstrated  that  the  same  im- 
munity can  be  established  by  the  injection,  either  subcutaneously  or 
intravenously,  of  the  urine  of  animals  affected  with  the  pyocyanic 
disease.  If  in  such  animals  there  be  injected  into  the  veins  a  quan- 
tity of  a  virulent  culture  of  this  bacillus  (suflScient  to  kill  in  twenty- 
four  hours  a  fresh  rabbit),  it  will  be  seen  that,  in  accordance  with  the 
length  to  which  the  immunizing  has  been  pushed,  there  will  be  pro- 
duced either  no  result  whatever,  or  else  a  chronic  malady  from  which 
the  animal  wiH  recover.  If  a  culture  (virulent)  that  in  fresh  animals 
will  not  produce  any  local  disturbance  be  injected  into  these  animals, 
there  will  be  seen  at  the  point  of  inoculation  a  nodule  that  ulcerates, 
dischai^es  slowly,  and  cicatrizes  in  a  few  weeks,  similar  to  that  which 
appears  in  the  non-immunized  guinea-pig.  In  this  case  it  is  not  the 
local  lesion  that  has  produced  the  immunity ;  this  preexisted,  and  it 
is  because  of  the  presence  of  the  immunity  that  the  local  lesion  has 
appeared. 

In  this  discussion  of  the  causes  of  the  production  of  the  local  le- 
sion, it  is  certain  that  account  mtist  be  taken  not  alone  of  the  vari- 
ations of  the  immunity,  but  also  of  the  variations  in  the  virulence  of 
the  bacteria,  and  of  the  number  as  well.  The  greater  the  virulence 
or  the  number  of  the  bacilli  the  greater  the  chances  of  general  infeo- 
VOL.  Xm.— 18 
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tion.  In  a  general  way,  if  the  immunity  is  nothing,  or  if  the  vira- 
lence  is  excessive,  the  local  lesion  is  absent,  the  infection  is  as  a  rule 
general ;  if  the  immunity  is  absolute  or  the  virulence  is  nothing,  the 
local  lesion  may  not  be  apparent,  but  the  general  infection  is  also 
absent;  if  the  immunity  is  relative  or  if  the  virulence  is  moderate, 
there  is  a  great  chance  that  there  will  be  produced  a  local  lesion;  but 
if  this  local  lesion  does  appear,  the  general  infection  will  not  occur; 
it  will  appear,  however,  if  the  local  lesion  does  not. 

Bouchard's  experiments  permitted  him  to  study  the  mechanism 
of  the  production  of  the  local  lesion,  and  of  the  protection  that  it 
exerts  ujion  the  remainder  of  the  organism.  These  ex{)erimeut8  were 
made,  with  the  assistance  of  Gharrin,  with  the  bacillus  pyocyaneus, 
and  gave  results  verj*  similar  to  those  obtaineil  by  Metchnikoff  with 
other  bacteria.  In  two  series  of  rabbits,  one  healthy  the  other  im- 
munized for  varying  periods,  even  for  two  months,  there  was  injected 
at  the  same  time  the  same  quantity  of  a  culture  of  the  bacillus  pyo- 
cyaneus ;  in  some  also  there  were  inserted,  instead  of  the  inoculation, 
gome  of  Hess's  capillary  cells,  previously  sterilized,  and  freely  com- 
municating with  the  cellular  tissue.  At  regular  inter^'als,  a  little  of 
the  fluid  that  collected  at  the  site  of  the  introduction  of  the  cells  was 
taken  from  the  animals  of  the  two  series.  It  was  determined  that  the 
swelling,  very  much  greiiter  in  the  immunized  animals  than  in  those 
untouched,  wan  made  u])  of  a  collection  of  leuem-ytes  that  appeared 
in  both  series  of  animals,  but  was  very  slight  in  the  non-immunized 
animals,  very  marked  in  those  immunized;  and  among  them  the 
diajiedesis  went  on  gradually  increasing,  while  it  remained  practi- 
cally stationary  in  the  non-immunized  animals.  It  is  an  uuder-state- 
ment  that  at  the  end  of  four  hours  the  proportion  of  leucocytes  was 
one  in  the  nou-immunizcKl  to  <me  hundred  in  the  immunized.  The 
diflference  between  the  two  series  of  animals  was  not  less  as  reganls 
dia])edesis  tlian  as  regards  phagocytosis.  In  the  non-immunized,  it 
is  unusual  to  find  bjicilli  in  the  interior  of  the  leucocytes ;  among  the 
immunized,  the  bacilli  were  to  l)e  found  in  the  migratory  cells  after 
the  fourtli  hour.  At  the  end  of  six  hourw  and  a  half  practically  all 
of  the  fclls  (leucocy ten)  contained  them;  the  Imcilli  were  then  very 
shari>ly  outliuod,  possessed  all  tlieir  characteristics,  and  were  more  or 
less  uuiiiorous  in  every  cell — as  many  as  thirty  l)eiug  found  in  one  cell. 
It  does  not  a|>p(>ur  that  i>liago<'ytoHiH  is  seen  in  sudi  a  marked  fashion 
in  any  other  (lisease.  Little  by  little  tlio  bacilli  alter  in  apj^earauce, 
become  deformed,  broken  up,  and  dissolve  into  granules.  Sixteen 
hours  after  the  inoculation  these  modifications  are  almost  entirely 
completed,  and  at  the  end  of  twenty-four  hours  it  is  with  difficulty 
that  the  bacteria  are  made  out  at  all,  the  digestion  is  completed. 
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The  number  of  free  bacilli  varies  remarkably,  according  as  one  is 
examining  the  immunized  or  the  non-immunized  animals.  The  niuu- 
ber  that  is  the  same  at  the  time  of  the  inoculation  gradually  increases 
in  the  non-immunized  animals ;  it  seems  to  remain  stationary  in  the 
immunized  animals,  and  at  the  end  of  the  fourth  hour  it  diminishes 
very  rapidly.  At  the  end  of  six  and  a  half  hours,  while  the  bacteria 
are  crowded  in  the  serous  fluid  of  the  non-immunized,  there  can  be 
made  out  only  four  or  five  to  the  microscopic  field  in  the  immunized. 
In  the  latter,  after  twenty-four  and  a  half  hours,  it  was  possible  to 
find  only  two  free  bacilli  in  four  preparations.  The  fact  is  to  be 
insisted  upon  that,  while  at  the  end  of  the  fourth  hour  the  phago- 
cytosis has  but  just  become  manifest,  the  difference  is  already  enor- 
mous ;  and  this  leads  Bouchard  to  surmise  that  before  any  cellular 
intervention  whatever  the  bacilli  find  conditions  in  the  immunized 
that  are  entirely  unfavorable  to  their  growth,  and  which  do  not  exist 
in  non-immunized  or  susceptible  animals ;  but  he  does  not  know  wheth- 
er this  unfavorable  influence  prepares  or  makes  possible  the  phago- 
cytosis. In  any  case  the  bacilli  are  not  killed  before  the  phagocyto- 
sis, they  remain  etiually  motile  among  immunized  and  non-immunized 
animals.  These  experiments  make  it  possible  to  admit  that  in  the 
infectious  diseases,  in  the  pyocyanic  disease  at  least,  the  animal  can 
conquer  the  pathogenic  bacterium  because  of  having  at  the  start  a 
certain  power  of  resistance,  and  that  this  resistance — relative,  nat- 
ural, or  acquired  immunity — acts  by  multiple  procedures,  or  results 
from  diverse  acts :  (1)  in  animals  with  a  relative  immunity  the  fluids 
are  a  medium  unfavorable  for  the  development  of  the  bacteria ;  (2)  in 
such  an  animal  the  diapedesis  of  the  leucocytes  occurs  in  the  zone 
first  invaded  with  much  the  greater  intensity,  so  as  to  jiroduce  a  pri- 
mary tumor,  a  local  lesion;  (3)  in  such  an  animal  the  leucocytes 
exuded  possess  in  a  very  marked  degree  the  power  of  phagocytosis 
which  is  almost  absent  in  the  susceptible  animal,  and  by  this  power 
the  bacteria  are  destroyed  at  the  site  of  the  local  lesion ;  (4)  it  is  to 
be  added  that  during  their  short  existence  in  the  local  lesion  the  bac- 
teria have  continued  to  secrete  soluble  immunizing  material  which, 
when  absorbed,  reacts  upon  the  general  system  in  a  way  to  increase 
still  more  its  resistance. 

In  this  connection,  Bouchard's  theory  of  infection,  cure,  and  im- 
munity is  of  interest.  He  has  been  able  to  deduce  from  experimental 
facts  already  communicated  to  the  French  Academy  a  new  system  of 
infection  and  immunity.  If  the  infectious  agent  upon  inoculation 
enters  an  animal  which  furnishes  a  very  bactericidal  medium  it  does 
not  develop,  and  no  disease  makes  its  appearance ;  if  the  living  ani- 
mal famishes  a  favorable  medium,  the  bacterium  develops  immedi- 
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ately ;  if  the  medium  is  moderately  bactericidal,  there  oocnrs  in  the 
life  of  the  bacterium  a  period  of  degeneration.  For  a  very  short  time, 
some  quarter  of  an  hour  or  so,  its  multiplication  is  suspended,  but  it 
still  lives  and  by  means  of  its  diastases  it  adapts  the  material  of  the 
tissue  in  which  it  may  be  to  its  needs ;  after  a  time  its  hindered  de- 
velopment reappears.  Whether  the  development  has  been  immediate 
or  has  been  preceded  by  a  period  of  quiescence,  the  malady  com- 
mences. At  the  same  time  as  it  develops,  it  secretes  in  a  greater  or 
less  amount  chemical  substances,  of  which  some  act  upon  the  nervous 
system,  producing  changes  of  the  circulation  or  of  the  temperature, 
manifested  by  cephalalgia,  delirium,  coma,  convulsions,  etc. ;  others 
influence  all  the  cells  of  the  body,  change  their  nutritive  type,  and  by 
their  intervention  so  modify  the  chemical  composition  of  the  fluids  of 
the  body  that  they  may  become  bactericidal.  This  last  effect  is  slow 
in  making  its  appearance,  but  it  is  durable.  The  toxic  substances 
acting  upon  the  nervous  system  are  more  rapid  in  their  action,  but 
their  results  are  much  more  fleeting;  in  the  number  of  these  rapid 
but  fleeting  results  are  to  be  included  the  paralysis  of  the  vasodilator 
central  nervous  system,  which  makes  impossible  the  passing  out  of  the 
white  corpuscles  from  the  vessels. 

As  soon  as  the  number  of  the  bacteria  becomes  so  considerable 
that  their  products  cannot  be  neglected,  the  febrile  as  well  as  the  toxic 
symptoms  make  their  appearance;  phagocytosis  alone  can  come  to 
the  rescue  of  the  threatened  body.  But  phagocytosis  is  rendered  im- 
possible, because  at  the  same  time  with  ite  other  i)roduct8  the  bac- 
terium has  secreted  the  material  that  prevents  diapedesis.  Therefore 
in  a  medium  that  is  already  favorable  to  its  development  and  pro- 
tecte<1  against  the  most  important  of  the  cellular  reactions,  it  contin- 
ues to  grow  and  to  secrete  its  products  freely ;  intoxication  increases, 
the  disease  becomes  aggravated,  and  death  occurs  during  this  period. 
But  during  this  time  the  materials  that  change  the  nutrition  of  the 
cells  were  being  secreted  also,  although  their  more  gentle  action  was 
not  yet  manifest.  At  some  moment  they  become  sufficiently  power- 
ful so  to  act  upon  the  cells  that  their  nutritive  tyi)e  is  changed  (modi- 
fied), and  the  fluids  are  in  consequence  changed  chemically.  The 
bactericidal  condition  is  a  possible  effect  of  this  chemical  change. 
It  ap])ears  late ;  but  from  the  time  that  it  exists  the  life  of  the  bac- 
terium is  influenced,  its  growth  either  becomes  slower  or  is  arrested, 
and  its  secretions  are  suspended.  The  material  that  opposes  the 
diai)edesis  in  particular  no  longer  paralyzes  tlio  vasodilator  centres. 
Then  the  white  corpuscles  pass  out  of  the  vessels,  and  phagocytosis 
finally  destroys  the  bacteria  already  weakened  by  the  bactericidal 
condition;  this  is  cure. 
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Cure  is  the  first  mamfestation  of  acquired  immnnitj.  The  bac- 
tericidal condition  produced  by  the  passing  impregnation  of  the  cells 
brought  in  contact  with  the  immunizing  elements  persists  for  a  long 
time  after  the  elimination  of  these  elements.  If,  in  the  immunized, 
this  bactericidal  condition  is  very  pronounced,  the  bacterium  that 
produced  the  first  attack  cannot  develop  when  introduced  in  a  second 
inoculation ;  there  does  not  occur  either  a  general  or  a  local  infection, 
the  immunity  is  absolute.  If  the  bactericidal  condition  is  less  pro- 
nounced it  does  not  destroy  the  life  of  the  bacterium,  but  attenuates 
it  and  lessens  the  activity  of  its  secretions ;  one  of  them  in  particular 
becomes  incapable  of  paralyzing,  as  before,  the  vasodilator  system, 
diapedesis  is  not  prevented,  and  phagocytosis  arrests  and  ends  the 
infection  in  its  original  site.  The  local  lesion  has  been  made  possi- 
ble, and  it  prevents  the  appearance  of  the  general  infection. 

Natural  immunity  does  not  depend  upon  the  bactericidal  con- 
dition; it  results  from  the  greater  resistance  that,  in  certain  species 
of  animals,  the  vasodilator  system  opposes  to  the  paralyzing  ma- 
terials. The  proof  is  that,  if  there  be  injected  into  these  animals 
certain  bacteria  that  ordinarily  start  up  diapedesis  and  are  pathogenic 
to  other  animals,  this  diapedesis  is  not  manifest  if  there  be  injected 
at  the  same  time  with  the  virus  that  they  resist  a  strong  dose  of  the 
material  that  prevents  diapedesis.  It  can  be  determined  then  that 
diapedesis,  and  by  consequence  phagocytosis,  is  not  produced;  it  can 
further  be  seen  that  the  general  infection  does  occur 

Bacial  Temperatdbe. 

Racial  temperature  has  been  shown  to  have  much  influence  upon 
the  susceptibility  to  sx)ecific  infectious  diseases.  Many  observers 
have  investigated  the  subject,  Pasteur  among  the  first,  with  anthrax 
in  frogs.  Wagner  studied  the  action  of  anthrax  infection  in  normal 
chickens,  as  well  as  in  those  artificially  cooled  (by  water  and  anti- 
pyretics) and  narcotized.  The  inoculations  were  made  with  anthrax 
bacilli,  as  well  as  spores  in  the  anterior  chamber,  under  the  skin,  and 
in  the  blood.  As  a  preliminary  research,  a  number  of  control  cul- 
tures were  made  in  blood  serum,  defibrinuted  blood,  and  in  the  aque- 
ous humor  of  chickens,  which  showed  that  these  fluids  were  not 
inimical  to  the  growth  of  the  anthrax  bacillus,  for  it  developed  well 
in  them,  and  also  showed  undiminished  virulence  upon  inoculation 
in  rabbits  and  guinea-pigs.  So  that  the  cause  of  the  immunity  of 
healthy  chickens  to  anthrax  is  not  to  be  found  in  the  fact  that  the 
fluids  are  not  favorable  to  the  growth  of  the  bacilli.  Wherein  it  is  to 
be  foiind  is  shown  by  the  first  series  of  experiments  (infection  of 
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Uealtby  birds).  The  injected  bacteria  grow  exceedingly  well  for  the 
first  day  at  the  point  of  inoculation;  on  the  second  day  begins  a 
phagocytosis,  which  in  most  cases  advances  so  rapidly  that  on  the 
third  day  it  is  not  possible  to  make  out  any  bacteria  at  all,  they  have 
all  been  eliminated.  The  experiments  with  injections  in  the  blood 
gave  similar  results,  the  bacteria  being  removed  from  the  organ- 
ism by  phagocytosis.  The  temperature  of  the  inoculated  animals 
rose  a  degree  to  a  degree  and  a  half,  remained  at  this  range  for  a  day, 
and  returned  to  the  normal  at  the  same  time  that  all  the  bacilli  dis- 
appeared. Birds  that  at  the  same  time  were  cooled  by  placing  the 
lower  half  of  their  body  in  water  at  25°  C,  died  with  typical  anthrax 
symptoms — phagocytosis  was  reduced  to  a  minimum.  The  control 
animals  that  were  put  in  the  cooling  apparatus  sbowe<l  no  ill  effects 
from  the  cooling. 

Out  of  eleven  animals  in  which  the  cooling  was  effected  by  the  ad- 
ministration of  antipyrin,  six  were  attacked  with  the  disease ;  of  these 
five  died,  and  the  other  recovered.  This  result  was  to  be  explained 
by  the  fact  that  the  antipyrin  reduced  the  temi)erature  for  only  an 
hour,  and  so  the  immunity  was  suspended  for  but  a  short  time. 

This  observation  showed  that  the  diminution  of  the  immunity 
was  due  to  the  diminution  of  the  phagocytic  activity,  and  also  sug- 
gested the  attempt  to  diminish  the  immunity  by  narcotizing  the  leu- 
oooytes  without  affecting  the  body  temperature.  Out  of  eight  chick- 
ens inoculated  with  anthrax,  after  being  dosed  with  chloral  hydrate^ 
one  died  (after  about  sixty  hours) ;  of  the  others,  three  died  from  the 
chloral  hydrate,  and  the  remaining  four  lived.  In  the.se  also  the  local 
reaction  (cedema)  was  well  marked,  but  it  disappeared  later.  The 
weak  action  of  the  chloral  hydrate  nj>on  the  resistance  of  chickens  to 
anthrax  is  to  l>e  explained  by  the  fact  of  the  paralyzing  effect  of  the 
drug  upon  the  nervous  system. 

Ceutanni,  in  particular,  has  given  attention  to  infectious  fever, 
with  esi)ecial  reference  to  the  latest  knowledge  nj)on  the  subject. 
The  research  divides  itself  into  three  parts :  (1)  On  tlie  agents  that 
bring  on  the  fever;  (2)  on  the  mechanism  of  its  working  in  the 
organism ;  (3)  on  the  therapeutic  questions  involved  in  the  handling 
of  the  fever.  The  conclusions  of  his  work  are  summed  up  as  follows : 
1.  The  production  of  the  bacterial  fevers  is  carried  on  by  a  general 
intoxication  with  a  ])oison  (pyrotoxina  bacterica)  which  has  its  origin 
in  the  interior  of  the  bacterial  cells  themselves,  and  differs  in  its 
properties  from  the  as  yet  better  known  bacterial  poisons  (i)tomainH, 
enzymes,  toxalbumins).  2.  This  poison  is  widely  distributed  and 
common  to  all  l)acteria,  so  that  it  is  found  in  non-pathogenic,  as  well 
as  in  pathogenic  varieties,  and  always  with  the  same  properties. 
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For  the  production  of  the  fever  poison  there  were  employed  es- 
pecially fluid  culture  media,  and  cultures  a  week  old.  The  medium 
should  contain  no  peptone ;  the  author  calls  the  product  pyrotoxina 
Ixtcterica.  The  cultures  were  extracted  for  three  hours  at  a  temper- 
ature of  60°  C,  and  then  for  as  long  a  time  at  boiling  temperature. 
The  bacteria  were  filtered  off  by  a  Chamberland  filter,  and  the  filtrate 
was  moistened.  The  impurities  (remains  of  the  culture  medium  and 
soluble  products  of  the  bacteria)  were  dissolved  in  alcohol  and  re- 
moved. The  precipitate  and  the  fever  poison  were  dissolved  in  dis- 
tilled water,  the  fluid  was  placed  in  a  dialyzer  of  parchment  paper  in 
a  glass  (filled  with  distilled  water)  and  protected  by  chloroform  or 
thymol  from  putrefactive  changes. 

The  water  first  passing  through  the  dialyzer  was  rejected,  T)eing 
rich  in  salts  and  coloring  matter ;  that  coming  after  was  concentrated 
after  two  or  three  days.  This  concentrated  solution  of  the  active  and 
albuminoid  free  principles  was  treated  with  alcohol,  and  the  resulting 
precipitate  was  washed  later  with  water  and  ^ain  precipitated  with 
alcohol.  The  preparation  was  isolated  by  pouring  off  the  alcohol 
and  then  drying  over  sulphuric  acid.  The  body  is  an  amorphous 
powder  soluble  in  neutral  or  faintly  acid  or  alkaline  water  and  in 
alcohol  up  to  ninety  per  cent.,  but  precipitated  by  stronger  alcohol, 
and  insoluble  in  chloroform  or  ether. 

As  culture  media,  urine,  the  usual  Douillon,  or  meat  extracts 
with  sugar  or  glycerin  are  useful.  The  pyrotoxin  gives  no  reaction 
with  Millon  or  the  biuret  test,  as  does  xanthoproteic  acid,  and 
no  precipitate  follows  with  ferrocyanide  of  potassium  and  acetic 
acid. 

All  albuminoids,  to  which  the  toxic  products  belong,  are  excluded 
— the  toxipeptones,  toxalbuminoses,  proteins,  and  alkalialbumins  of 
Buchner,  as  well  as  the  ptomains  and  enzymes.  The  coagulable 
albuminoids  are  shut  oflf  by  the  heating.  The  pyrotoxin  therefore  is 
a  body  that  belongs  in  no  one  of  the  known  categories  of  bacterial 
products.  Inoculated  with  this  pyrotoxin  rabbits  showed  all  the 
phenomena  of  bacterial  fever.  The  changes  of  temperature  mani- 
fested themselves  first  by  a  fall  of  a  degree  and  a  half,  and  then  there 
occurred,  in  about  two  hours  after  the  injection,  a  rise  to  from  39°- 
41.5°  C.  A  further  result  was  the  extreme  emaciation.  The  diges- 
tive apparatus  was  also  affected,  as  evidenced  by  the  occurrence  of 
diarrhoea  and  loss  of  appetite.  Nor  were  the  other  clinical  symp- 
toms, quickening  of  the  pulse  and  respiration  and  diminished  sensi- 
bility, lacking. 

Pyrotoxin  acts  usually  like  a  bacterial  centre.  In  capillary  tubes 
under  (he  skin  it  produces  a  ix)8itive  chemotaxis ;  injected  in  soln- 
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tion,  it  prodacea  no  centre  of  attraction  for  the  leucocj'ies  before  ite 
rapid  absorptiou,  but  only  a  gelatinous  oedema. 

The  bacterial  fever  can  be  produced  not  alone  by  the  cultures  or 
the  products  of  tlie  cultures  of  the  pathogenio  bacteria,  but  by  the 
uou-jialbn^'euio  bacteria  as  well;  the  pyrotoxic  power  of  the  various 
IxK't^'ria  in  not  iu  proportion  to  their  pathogenic  power.  A  marked 
difference  iu  favor  of  the  jiathogeuic  bacteria  is  seen  only  in  the  fact 
that  tlicMii  can  be  iuject.ed  in  small  quantities  and  are  then  quickly 
devL'lopwl  aud  di.Htributed,  while  the  non-itathogenic  bacteria  iw.t  only 
iu  largo  dosen  aud  at  the  point  of  inoculation.  The  different  bacteria 
Hecin  to  contain  the  pyrotosina  bacteiica  in  about  equal  amounts,  vol- 
ume for  volume. 

Notable  changes  in  the  amount  of  poison  produced  by  a  special 
variety  of  bacterium  occur  uuder  varying  circumstances ;  me.at  infu- 
sion gives  a  larger  amount  than  an  agar  culture  in  the  same  degree  of 
concentration. 

A  notable  difference  also  exists  between  spore  and  non-spore-pro- 
ducing culturos.  The  toxin  remains  entirely  in  the  former,  so  that  it 
ajipears  as  if  tlm  toxiu-producing  power  is  either  destroyed  iu  the 
H]>(ire-iirniUii-ii[g  stage  or  else  that  the  poison  is  shut  up  in  the  simreH 
and  camini  l>o  ixtracted.  Of  the  two  constituent  parts  of  the  bac- 
tt'iia,  liiiiu  and  chromatin,  the  latter  is  the  first  diminished;  when 
tlin  iiyrntoxiii  is  diffused  r>r  tlistributed  in  old  cultures  or  in  the 
iirgnuism,  it  seems  as  if  the  chromatin  goes  to  make  up  a  part  of  it. 
Utlicr  substances  may  bo  produced  than  the  pyrotoxiu,  but  probably 
only  ill  spt'i-iid  cases.  Most  of  the  so-called  bacterial  poisons  are 
brnught  bark  ti>  tlie  pyrotoxiu.  Because  of  its  universality  it  must 
bi>  liioki'il  upiui  as  the  head  of  the  bacterial  poisons,  which,  because 
of  tlnir  ni-cnrriMict*  mily  at  tiujes,  must  Ivo  considered  simply  as  acci- 
di'utal,  SLViuidary,  nr,  bettci',  "specific"  poisons. 

If  it  were  a  fact  that  this  pyrotoxiu  is  universjd  for  all  Imcteria,  it 
would  be  su|ierrtiiiius  to  seek  for  a  special  immunizing  substance  for 
cuib  individual  bactt^riuiii,  for  in  that  cixsc  jf  au  antitoxin  for  the  fever 
I  if  one  bui'terium  were  found,  an  autitoxin  against  the  fevers  of  all 
bacteria  wfiuld  have  been  fduud. 

In  t^lc^  eiitinisiaslic  search  fnr  si>ecific  curative  agents,  it  is  to  be 
feared  that  the  study  <if  the  iuduences  which  conduce  to  spontaneous 
recovery  from  the  acute  infectious  diseasos  has  l)eeu  in  a  measure 
neglected.  The  iiujuiitauce  iif  a  coiTcct  kuowledge  of  the  way  in 
wliich  spontaneous  cure  is  effected  cannot  be  overestimated,  since  any 
rational  cure  by  artificial  means  to  be  niost  effective  must  follow  in 
the  same  line.  A  correct  understanding  then  of  the  natural  history, 
so  to  speak,  of  the  infectious  diseases  is  of  the  greatest  importance. 
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Feveb. 

Of  all  the  symptoms  of  the  acute  infectious  diseases  fever  is 
tbo  most  constant,  yet  of  the  mamier  of  its  production,  and  of  its 
iiiHuence  upon  the  course  of  these  diseases,  we  are  almost  wholly 
iKUONUit.  At  the  present  time,  the  immediate  practical  importance 
cif  this  question  is  very  great,  since  so  large  a  part  of  the  treatment 
of  these  diseases  consists  in  combating  the  fever  which  is  so  con- 
stantly present.  The  fallacy  of  such  treatment  is  apparent,  if  iu 
fever  we  have  one  of  the  salutary  influences  which  bring  about  the 
natural  recovery  from  these  diseases. 

In  this  connection,  the  recent  experiments  of  Loewy  and  Eichter 
are  of  exceptional  interest.  By  making  use  of  the  Saehs-ArouHou 
method  of  puncture  of  the  corpus  striatum  they  were  able  to  induce 
in  rabbits  a  fever  of  more  or  less  intensity  and  of  the  continued  re- 
mittent type.  When  inoculated  with  virulent  cultures  of  the  ^prms 
of  diphtheria,  chicken  cholera,  swine  plague,  and  pnf  iimouia,  these 
animals  were  much  less  affected  than  others  similarl\-  iuoculated  iu 
which  fever  had  not  been  induced.  In  the  experiments  in  wliich  one 
hundred  times  the  fatal  dose  of  chicken  cholera,  diphthoriii,  and 
pneumonia  were  used,  there  was  a  distinctly  slower  progreHs  i  if  the 
disease  in  the  febrile  animals,  and  in  these  cases  iu  whit-h  only  two  or 
three  times  the  fatal  dose  was  used  the  febrile  animals  recovered.  In 
cases  in  which  the  swine  plague  bacillus  was  inoculated  into  the  ear 
vein  of  rabbits,  the  local  process  dovelo])ed  more  nipidly  iu  tho  fnbrile 
animals  than  iu  the  control  animals,  but  notwithstanding  this  fact 
many  of  them  recovered,  while  the  control  animals  all  died.  These 
results  are  the  more  significant  since  it  is  fair  to  sui>i>(>s«  tlitit  by  the 
operation  necessary  to  the  puncture  of  the  corpus  striatum  the  pre- 
disposition  of  tho  animals  so  treated  must  liave  been  increased. 

In  their  investigation  of  the  effect  of  au  increased  jiinidxir  of  leu- 
cocytes upon  the  course  of  various  infectious  dispasi-s,  Loewy  and 
Richter  induced  artificial  leucocytosis  by  means  of  pihwarpine,  hjkt- 
min,  and  various  albumoses.  Animals  so  treated  were  resistiiiit  to 
three  and  four  times  tho  fatid  dose  rif  the  pufumocowuH,  there  bring 
only  a  slight  rise  of  temperature  and  insignificant  syiniitoiiw  in  the 
cases  in  which  the  leucocytosis  existed  at  the  time  of  the  iiioiulation. 
When  the  pneumococcua  infection  was  allowed  to  jmigrcss  for  twcuty- 
four  hours  before  the  induction  of  leucocytosis  there  was  a  greater 
mortality,  though  even  then  Ijenefit  seemed  to  result  from  its  induction. 

In  conclusion,  the  autkors  express  their  l)elief  that  fever  and  leu- 
coojtosis  should  be  regarded  as  of  assistance  to  tho  body  in  combating 
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the  effects  of  infection,  and  they  saggeet  that  therapeutic  benefit  may 
be  derived  rather  from  the  use  of  means  tending  to  increase  these 
conditions  than  from  those  antagonizing  them. 

PbOTECTIVE  FDNCmON  OF  THE  SPIiEEN. 

The  function  of  the  spleen  in  infectious  diseases  has  been  a  matter 
of  much  interest.  Bardach,  in  his  first  attempts  to  settle  this  ques- 
tion, worked  with  dogs,  and  found  that  after  intravenous  injection  of 
anthrax  bacilli  fifteen  out  of  twenty-five  that  had  had  the  spleen  re- 
moved died  of  the  disease,  and  only  five  out  of  twenty-five  not  oper- 
ated upon.  The  experiments  of  Kourloff  that  had  entirely  different 
results  do  not  seem  to  be  admissible  because  rabbits  were  used  for 
the  experiments,  and  they  are  very  susceptible  to  anthrax  anyway, 
and  the  delay  of  the  time  of  death  is  not  a  proper  test  from  which  to 
draw  any  conclusions. 

Undertaking  a  new  series  of  investigations,  rabbits,  which  with- 
stand the  extirpation  of  the  spleen  very  well,  were  used,  but  the 
injections  were  made  with  attenuated  cultures  which  were  injected  into 
the  vein  of  the  ear.  Thirty-five  such  injections  in  healthy  rabbits 
produced  no  result  except  a  very  slight  fever;  but  of  thirty -five  ralv 
bits  with  extirpated  spleens  (operated  upon  from  one  to  three  months 
before) ,  twenty-six  died  of  anthrax. 

These  striking  results  can  lead  only  to  the  conclusion  that  the 
spleen  in  the  most  important  of  the  organs  that  i>lay  any  part  in  the 
control  of  the  infectious  diseases  in  the  living  body.  This  latter  con- 
clusion is,  however,  not  absolute,  but  only  probable,  for  there  may 
be  some  alteration  of  the  fluids  of  the  body  due  to  the  absence  of  the 
spleen,  and  tliis  alteration  of  the  fluids  may  lead  to  an  increased  sus- 
ceptibility t(3  the  infectious  diseases. 

A  curious  olwervation  is  that  of  Dastre  and  Loye,  who  liave  seen 
that  by  intravenous  injections  of  salt  solution  one  could  produce  an 
apparent  washing  out  of  the  blood  and  tissues  of  the  animals  exx)eri- 
mented  ui>on ;  tlie  fluid  passes  into  the  bloo<l,  then  into  the  tissues, 
and  then  bat-k  again  into  the  blood.  They,  tlierefore,  went  on  to  see 
if  such  a  wasliing  of  the  blood  would  not  take  awaj'  some  of  tlie  solu- 
ble and  toxic  material  present  in  infectious  diseases,  and  i>erha|is 
cause  its  excretion  b^-  the  kidneys.  For  this  purpose  dogs  and  rab- 
bits were  injected  witli  cultures  of  the  anthrax,  glanders,  and  pyo- 
cyaneus  bacilli,  and  sometimes  an  intoxication  was  pro«luced  with  the 
toxic  protlucts  of  the  diphtheria  bacillus,  and  the  growth  of  the  mor- 
bid symi)tom8  was  watched.  In  a  second  group  of  animals,  a  short 
time  after  such  infection,  the  intravenous  injection  of  salt  solution 
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was  i)erformed.  The  observation  of  these  two  groups  of  ^Ttimnlff 
showed,  however,  that  those  treated  in  the  latter  way  were  more 
severely  affected,  and  died  much  more  quickly  than  the  others  that 
were  let  alone. 

This  result  may  be  explained  in  one  of  two  ways,  either  that  the 
injection  of  the  salt  solution  lessened  the  resistance  of  the  animal,  so 
that  it  was  more  susceptible  to  an  infection  or  an  intoxication ;  or 
that  the  salt  solution,  by  diluting  the  toxic  materials,  enabled  them  to 
be  carried  more  rapidly  and  more  thoroughly  into  the  tissues  than 
under  ordinary  conditions. 

De  Buyter  found  in  a  large  number  of  cases  of  the  infectious  dis- 
eases that  the  absorption  bands  of  the  blood-coloring  matter  were 
unchanged,  and  in  malignant  oedema  as  well.  But  he  also  found  that, 
if  he  left  the  blood  standing  for  a  day,  between  the  oxy haemoglobin 
bands  there  appeared  a  third  very  closely  resembling  the  methaemo- 
globin  bands  but  varying  somewhat  from  the  borders  of  this;  this 
change  he  found  in  three  cases  of  severe  sepsis  after  diphtheria. 

Changes  of  this  sort  in  the  blood  in  infectious  diseases  should  be 
the  subject  of  further  investigation,  and  doubtless  will  be  in  connec- 
tion with  the  studies  of  the  changes  in  the  formed  elements  of  the 
blood. 

Insects  as  Carriers  of  Infection. 

That  insects  may  be  the  means  of  carrying  infection  has  long  been 
suspected.     Since  the  study  of  the  bacteria  has  been  so  carefully  pur- 
sued, evidence  to  support  this  idea  has  constantly  accumulated.     As 
regards  flies,  a  writer  in  the  Boston  Medical  and  Surgical  Journal  says 
that  certain  experiments  that  have  recently  been  made  seem  to  offer 
an  explanation  of  the  sporadic  cases  of  cholera  occurring,  in  New' 
York  especially,  but  in  other  places  as  well,  in  spite  of  the  most  care- 
ful quarantine.     It  has  occurred  to  many  i)eople  that  the  common 
insects  might  be  the  carriers  of  the  infectious  material  to  points  at  a 
distance  from  the  centre  of  infection,  and  the  experiments  of  Mad- 
dox,  Simmonds,  and  Sawtchenko  furnish  the  first  evidence  on  this 
point.    The  first  two  fed  flies  with  cholera  spirilla,  and  obtained 
cultures  of  the  bacterium  from  the  insects  so  fed.     Sawtchenko  proved 
that  the  bacteria  are  not  only  taken  into  the  fly  and  pass  through  its 
body  without  any  loss  of  their  active  proijerties,  but  also  that  in  all 
probability  they  multiply  during  their  sojourn  there.     Very  numer- 
ous colonies  were  obtained  as  late  as  the  third  day  after  feeding. 
The  species  which  took  most  naturally  to  this  diet  was  the  commoix 
meai-fly  of  the  markets.     Very  little  is  known  Jis  to  how  far  flie» 
travel,  or  how  much  they  move  about  from  place  to  place.    In  a  l©tt©» 
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from  Professor  Packard,  to  whom  tlie  subject  was  referred,  it  is  stated : 
"The  rate  of  speed  of  Muaca  domestica  is  5.35  metres  a  second  ac- 
cording to  the  observer.  This  would  give  about  a  mDe  in  five  or  six 
miuutes,  or  about  ten  miles  an  hour.  Flesh-fties  are  a  little  more 
vigorous.  Any  of  the  flies  could  scent  their  food  or  decaying  bodies 
for  several  miles,  and  might  fly  over  twenty  or  thirty  miles  a  dav, 
especially  if  aidetl  by  a  wind. "  From  what  has  been  said,  it  seem-s 
as  if  the  iiossibiUty  of  the  carrying  nf  infection  by  flies  had  been 
proved.  The  history  of  the  outbreak  of  cholera  iu  New  York  is  giveu 
by  H.  M.  Biggs  iu  the  Amerknn  Joitrnnl  of  (fie  Medmil  Sciences  for 
January,  1893.  "  On  August  Slst,  the  Momma,  and  on  September  3d, 
the  JiiKjia  and  the  Xonnaiitiia  arrived,  all  with  cholera  on  l>oard.  The 
first  jjerson  aflfected  iu  New  York  City  was  takeu  ill  September  oth, 
five  days  after  the  disease  was  in  the  harbor,  aud  died  ou  Septem- 
lier  7th.  During  the  four  weeks  followiug,  six  tither  cases  occurred 
iu  New  York  and  one  case  in  New  Brunswick  (N.  J.),  in  which 
the  cholera  bacillus  was  found.  Three  others  were  regarded  as 
such,  from  the  clinical  Hymptoms,  making  eleven,  aud  all  among  the 
p<x>r(ir  classes.  Each  case  was  carefully  examined  and  investigatetl 
liy  the  Board  of  Health,  Vmt  it  was  impossible  to  find  any  satis- 
factory way  to  account  for  the  iufectiou.  The  cases  occurred  iu 
widely  sejiarated  parts  of  the  city ;  and  in  no  instance  was  there  the 
slightest  suspicion  of  associatiou.  There  was  a  striking  association 
of  the  jiersouH  affected  iu  their  occupation  with  the  food  trades,  es- 
jiecially  animal  foods.  The  biological  examination  showed  the  iMicil- 
lus  to  be  iu  every  way  identical  with  that  from  the  cases  on  the 
shijis."  The  facts  in  the  above  record  that  have  a  tearing  on  the 
jirobability  of  the  cases  having  originated  through  the  agency  of  flies, 
are  (1)  tlie  occurrr>uce  among  a  class  of  ]>eople  who  would  ^irfibably 
be  k'ss  careful  of  the  coLtaiuiuation  tif  their  pei^sons  aud  food  from 
such  a  source;  ('2)  the  a,sH<iciatiou  with  the  meat  trades,  which  would 
tend  to  draw  tin-  kiud  (jf  Hies  most  ready  to  take  up  the  cholera  sjiiril- 
Inm  ;  (3)  the  inrgular  distribution  throughout  the  city,  the  farthest 
ciise  bt'iug  within  thi^  limits  of  au  easy  day's  journey  for  a  fly.  The 
(Uitbrcak  is  further  iuterestiug  as  the  ordinary  channels  of  infection, 
juTsoual  contju't  and  contamiuation  of  the  water-supply  or  ground 
water,  can  with  certainty  be  exdutled,  thus  narrowing  do wni  the  prob- 
lem to  one  of  !ituiosi)lieric  trausuiission.  If  the  wiud  is  takeu  as  the 
agent  (aside  from  t)ie  fact  tliat  the  prevailing  wind  was  from  the  west 
tliroiigh  t!ie  uortli  to  the  northeast  froui  August  31st  to  Septemljer 
5th),  it  is  incredible  that  euougli  bacilli  could  have  been  carried  to 
the  distance  wIiiti'  the  first  case  occurred  to  do  any  harm  if  they 
could  ha\e  \\ithstaod  the  desiccation  during  the  transit.     On  the 
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other  hand,  a  single  fly  can  contain  enough  active  bacilli  after  three 
iXiiys  to  proilucd  a  fatal  case,  and  his  asflociation  with  man  and  his 
food  renders  such  a  mode  of  infection  ver^>'  possible. 

It  is  readily  acknowledged  that  many  links  in  the  chain  of  abso- 
lute proof  are  wanting;  but  now  that  attention  has  been  drawn  to  the 
subject  it  is  felt  that  the  future  may  throw  more  liglit  upon  it.  For 
the  present,  the  theory  offers  a  rational  explanation  for  such  cases  as 
occurred  in  New  York  in  September,  1892,  and  gives  something  else 
of  a  tangible  nature  for  the  consideration  of  jireventive  medicine. 

Yersin  lias  found  the  bacillus  of  bubonic  plague  in  flies  infesting 
his  lalwratorv',  and  many  workers  with  the  bficteria  have  u]>ou  ficca- 
sion  seen  these  insects  sowing  colonies  upon  plate  cultures  where 
they  walk,  when  accidentally  shut  up  in  the  double  dishes.  Many 
isolated  cases  of  the  probable  transportation  of  infectious  material  hy 
insects  may  be  found  in  the  literature. 

Book  infection  has  also  attracted  attention,  and  on  this  subject  the 
Boston  Medical  ami  Surgical  Joiinial  says  that  in  many  nf  the  Euro- 
pean cities  extensive  investigations  have  been  made  to  prove  or  dis- 
prove the  infectiousness  of  books  hantUed  by  the  sick,  such  as  must 
of  necessity  frequently  tx-cur  in  large  circulating  libraries.  Tiie 
editor  of  the  Christiania  (Norway)  Somfari/  JoHnial,  in  commenting 
on  the  subject,  remarks  that  it  is  the  universal  pastime  of  invalids  or 
convalescents  to  re.ad  or  look  over  books,  which,  if  not  procurable  id 
home,  are  brought  from  some  library.  Even  children  are  fond  of 
looking  at  picture-lx)oka,  and  the  editor  relates  the  following  per- 
sonal exj')erience :  "In  lS4fi  an  eight-year-old  brotlier  of  my  wife 
was  taken  down  with  scarlet  fever  and  died.  During  his  illness  lie 
frequently  amused  himself  by  looking  over  a  large  i)ieture-book. 
This,  together  with  several  other  of  his  useful  playthings,  was  pju'kod 
away  in  a  trunk  after  he  died.  Twenty-six  years  afterwards,  in  ]H7'2, 
a  sister-in-law  of  mine  journeyed  across  the  channel  to  England,  where 
I  was  then  residing,  and  with  her  came  the  (^liest  and  picture-book. 
On  the  second  day  the  chest  was  opened,  and  the  picture-book  pre- 
sented to  my  two-year-old  son.  Within  the  next  two  weeks  the  little 
fellow  was  taken  down  with  scarlet  fever.  The  doctors  who  were 
called  in  consultation  wondered  bow  the  disease  was  contracted,  as 
there  had  been  no  scarlet  fever  in  the  town  for  years.  The  circum- 
stances of  the  book  were  called  to  mind,  and  th(>  indications  wore 
clearly  that  the  twenty -six-year-old  book  had  retained  the  poison, 
and  communicated  it  to  the  child." 

Mcnl  of  TiiherctihiiH  Animah. — Kastner  in  bis  earlier  researclies 
came  to  the  conclusion  that  the  ment  of  tuberculous  animals  did 
not  contain  the  bacilli.     Steinheil,  investigating  the  same  subject 
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later,  found  that  the  flesh  of  highly  tabercolons  animalfl  contained 
many  bacilli.  The  marked  difference  between  these  results  and 
Bollinger's  was  explained  by  Kastner  in  a  new  series  of  experiments 
in  which  he  worked  with  cheesy  material,  and  not  with  calcificnl. 
There  were  in  all  twelve  experiments  made  with  the  flesh  of  seven 
different  animals;  it  was  fresh,  and  had  apparently  undergone  no 
tuberculous  change ;  it  was  chopped  fine,  x^ressed  in  a  meat  press, 
and  2  c.c.  of  the  juice  was  injected  either  subcutaneously  or  intra- 
l)eritoneally  in  guinea-pigs.  Ten  times  the  resulta  were  iKwitive,  and 
the  animals  upon  being  killed  at  the  end  of  two  months  showed  more 
or  less  tuberculous  changes.  The  importance  of  these  results  lies  in 
the  necessity  of  laying  stress  upon  the  anatomical  appearances  iu 
judging  of  the  danger  of  the  transmission  of  the  infectious  material 
by  any  given  specimen  of  meat,  as  to  whether  there  exists  a  cheesy 
or  a  calcified  process. 

Mixed  Infection. 

The  subject  of  mixed  infections  is  an  important  one,  but  full  of 
I)erplexing  problems.  That  more  than  one  variety  of  bacterium  is 
often  active  in  a  given  process  is  well  known,  and  the  experimental 
testing  of  the  matter  is  well  illustrated  by  Fessler,  among  many 
others,  in  a  study  on  mixed  infection,  which  was  undertaken  because 
of  the  assertion  of  Boger  that  the  pathogenic  action  of  many  bacteria 
(malignant  cedema,  anthrax)  was  noticeably  increased  by  the  simul- 
taneous injection  of  cultures  of  the  bacillus  prodigiosus.  The  experi- 
ments were  carried  out  as  follows:  injection  of  prodigiosus  and 
streptococcus,  two  times ;  of  streptococcus  pyogenes,  two  times ;  of 
prodigiosus,  two  times;  of  8terilize<l  prodigiosus,  one  time;  of  strej)- 
toc<KHnirt  and  sterile  prodigiosus,  two  times ;  of  prodigiosus  and  sterile 
streptoi'occus,  one  time.  The  results  showed  that  the  streptococcus 
pyogenes  produced  an  erysij^las  when  injected  in  the  ear  of  a  rabbit, 
but  that  this  eryHii)elas  beovme  a  severe  phlegmon  with  suppuration 
and  tissue  destruction  upon  injection  of  the  prodigiosus  with  the 
8troi)tococcu8,  under  which  the  general  condition  of  the  animal  suf- 
fered very  much ;  while  the  prodigiosus  alone  in  the  rabbit's  ear  pro- 
duced a  very  sliglit,  hardly  noticeable,  inflammatory  reaction  and 
suppuration.  The  toxic  products  of  the  one  or  the  other  bacterium, 
whether  injocted  with  the  streptococciis  or  the  pnKligiosus,  produced 
no  influence  uixjn  the  result.  These  combined  infections  appeared 
to  be  analogous  to  the  jwrnicious  mixed  infections  occurring  in  man. 

In  Roger's  work,  alluded  to  above,  in  regard  to  the  relationship 
of  bacterial  producte  to  the  production  of  disease,  it  is  stated  that  he 
iqjected  rabbits  and  guinea-pigs  with  living  cultures  of  anthrax  bacilli 
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and  sterilized  cultures  of  the  bacillus  prodigiosus.  He  obtained  in 
these  experiments  very  varying  results.  In  the  rabbits  that  were  in- 
oculated with  the  two  cultures,  the  results  were  much  delayed,  and 
sometimes  did  not  occur  at  all,  while  the  control  animals  inoculated 
with  anthrax  alone  died  in  from  two  to  five  days.  But  exactly  the 
opposite  occurred  in  the  inoculation  experiments  with  guinea-pigs ; 
in  this  case  the  animals  inoculated  with  the  mixture  became  oedema- 
tous,  and  died  very  quickly  indeed,  while  the  progress  of  the  disease 
in  those  injected  with  anthrax  alone  was  slower.  These  experiments 
gave  such  absolutely  opposite  results  that  the  observer  utters  a  warn- 
ing against  the  application  of  the  interpretation  of  similar  results  to 
man.  (A  reviewer  refers,  as  an  example  of  this,  to  the  experiments 
of  Bumpf  and  Franckel  on  the  healing  of  typhoid  fever  by  bacterial 
products.) 

From  the  clinical  side,  Muhlmann  says  that,  when  a  mixed  infec- 
tion is  apparent  by  reason  of  the  different  complications  or  aggrava- 
tions of  the  symptoms  in  a  series  of  diseases,  the  nature  of  the  mixod 
infection  may  be  of  importance  to  the  practitioner.  Many  workers 
have  busied  themselves  with  the  action  of  known  bacteria  upon  others 
in  the  way  of  attenuating  their  action ;  for  example,  Fehleisen  with 
the  streptococcus  of  erysipelas  on  tuberculosis  (lupus) ;  Cantani  with 
bacterium  termo  on  pulmonary  tuberculosis;  Emmerich  and  Paw- 
lowsky  with  the  streptococcus  of  erysipelas  on  anthrax ;  Pawlowsky 
and  B.  Friedlander  with  the  bacillus  prodigiosus  and  staphylococcus 
aureus  on  anthrax;  Bouchard  and  Guignard,  Freudenreich,  Wood- 
head  and  Wood,  Charrin,  and  Blagoveshchensky  with  the  bacillus 
pyocyaneus  on  anthrax ;  Buchner  with  the  bacillus  of  Friedlander  on 
the  same.  The  enhancing  action  of  one  form  of  bacterium  on  another 
has  been  especially  studied  during  the  last  year  or  so.  Boger  suc- 
ceeded in  producing  a  pathogenic  action  with  two  non-pathogenic 
bacteria,  bacillus  prodigiosus,  and  an  anaerobic  bacillus.  Monti  and 
Klein  have  brought  back  the  pathogenic  property  of  an  attenuated 
micrococcus  by  the  addition  of  the  proteus.  Klein  has  also  increased 
the  action  of  the  bacUlus  of  diphtheria  by  the  addition  of  bacillus 
pyocyaneus.  Boux  and  Yersin,  and  von  Schreider  have  also  in- 
creased the  virulence  of  the  diphtheria  bacillus  by  the  addition  of 
streptococci.  Finally,  Trombetta,  as  well  as  Grawitz,  de  Bary  and 
Stem,  and  Hirscbler,  have  succeeded  in  making  attenuated  bacteria 
go  back  to  their  original  virulence  by  the  addition  of  other  varieties. 

Trombetta's  attention  was  first  called  to  the  importance  of  know- 
ing the  nature  of  a  mixed  infection  in  cases  of  tuberculosis,  typhoid 
fever,  diphtheria,  etc.,  in  the  hospital  at  Odessa,  and  he  undertook  to 
study  the  nature  of  various  infections.    His  investigations  were  car- 
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ried  on  witli  two  bacteria,  Friinkel's  diplococcns  oi  pnenmoma  and 
the  anthrax  bacillus,  which,  mixed  in  various  proportions  and  in 
varying  degrees  of  attenuation,  were  injected  subcutaneoiisly  in  mice 
and  rabbits.  The  diplococcus  of  pneumonia  ia  more  jmthogeuic  for 
rabbits  than  for  mice,  as  is  known ;  the  anthrax  bacillus  is  the  re- 
verse. The  diplococcus  used  by  him  was  at  the  start  very  virulent, 
2  (?)  c.c.  of  a  huuiUou  culture  would  kill  a  rabbit  within  inventy- 
four  hours ;  but  the  culture  was  so  attenuated  by  its  growth  upon  the 
usual  nutrient  media  that  at  the  fourth  generation,  2  c.c,  and  at  the 
ninth,  4  c.c.  of  the  Ixmillon  culture  would  not  kill,  but  only  produce 
an  abscess  at  the  jioiut  of  iurwuhition.  A  diplococcus  of  this  .sort, 
tliiit  iu  large  doses  would  not  kill  the  animal,  was  used  in  all  the  fol- 
luwiug  experiments.  On  the  other  hand,  the  anthrax  culture  tliat 
was  used  was  very  virulent,  and  would  kill  a  mouse  in  tiventy-four 
hours,  and  1  c.c.  of  a  bouillon  culture  killed  a  control  rabbit  in  three 
days.  Other  workers  on  this  subject  have  been  Kruse  and  Pansini, 
Nencki,  and  v.  Sieber. 

The  conclusions  of  the  authors  may  be  summed  up  as  follows: 
that,  as  Jlonti  and  Kleiu  gave  virulence  to  an  attenuated  bacterium 
by  the  adilitiou  of  a  Hai)roi>h\'te,  so  they  obtained  the  same  result  by 
the  mixing  of  pathugouic  bacteria  that  were  either  attenuated  to  the 
special  organism  in  which  they  were  injected,  or  towards  which  the 
organism  wius  more  or  less  immune.  As  a  matter  of  course,  it  \ye- 
ciuna  evideut,  as  Klein's  exiK'riments  made  certain,  tbat  the  amount 
of  the  dose  aduiiuistered  made  a  groat  difference  upon  the  result.  It 
was  seen  also  that  a  previous  witlistaudiug  of  the  virus  of  the  diplo- 
coccus ]>neumoni(p  rendered  the  organism  suscei)tible  to  a  mixed  in- 
fection, in  other  words  that  the  immunity,  whether  great  or  little, 
was  destroy' ed. 

E.  Kleiu  concerned  liimself  with  two  sorts  of  experiment  in  which 
he  first  wurketl  ujum  a  d<mhle  infection.  When  mice  are  inociJat«d 
at  the  same  time  with  hog-cJudera  and  chicken-cholera  bacteria,  the 
animals  die  with  "  swine  fever"  as  (piickly  as  if  inoculated  with  hog- 
cholera  bacilli  aliine.  Only  hog-cliolera  bacilli  were  found  in  the 
blood  and  tlie  organs.  The  cLicken-cholera  bacillus  exerted  no  in- 
hiliiting  eflfect  ujmn  the  disease  production  or  the  growth  of  other 
barloria  in  tlie  same  Ixxly. 

A\'liilii  in  these  exjieriments  the  attempt  was  made  to  introduce  as 
nearly  jis  possible  the  same  amounts  of  the  two  bacteria  at  the  injec- 
tions, iu  a  second  series  of  experiments,  made  with  the  bacteria  of 
hog  erysipelas  and  of  hf)g  cholera,  there  was  introduced  a  much 
larger  fjuantity  of  the  hog  erysipelas  than  of  the  otber.  When  such 
a  mas8  was  injected  subcutaneously  the  mouse  died  within  a  day  of 
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hog  erysipelas.  The  bacillus  i>i  ln%  cholera  was  not  found  iu  the 
blood,  although  the  number  of  bacilli  in  such  a  mixture  was  suflicieut 
to  kill  a  mouse  by  itself.  In  this  case  then  the  erysipelas  bacillus 
had  overcome  the  hog-cLolera  bacillus. 

Wten  etjual  masses  of  bouillon  cultures  of  these  two  bacilli  were 
injected,  the  (uuiiual  died  as  quickly  as  if  inoculated  with  tlie  hog- 
chiileni  bacillus  alone,  and  in  the  blood  the  erysipelas  baciUus  was 
found  in  very  much  smaller  ijuantities.  Cultures  of  the.se  two  bacilli 
made  upon  gelatin,  and  injected  into  two  mice,  jjodueed  death  with 
u  mixed  infwtion;  so  that  there  ajJiieara  to  be  uo  antagonism  lietween 
the  two,  although  allowed  to  grow  for  a  long  time  upon  uutrieut 
gelatin. 

In  another  series  of  observ'ations,  the  exporimenta  were  carried  <jn 
with  a  mixture  of  the  ery8ipela.q  coccus  ami  the  toxic  jiroducts  of  the 
proteua  vulgaris.  When  at  the  same  time  an  attenuated  cidture  of 
tlie  strejjtococcus  of  erysipelas  and  a  sterile  or  non-sterile  culture  of 
tlie  proteus  \"ulgari8  were  injected  iu  a  rabbit  subcutaiieouKly,  the 
auimal  died  iu  from  one  to  three  days  of  a  general  infection.  Con- 
trol animals  inoculated  with  the  8trei)tococcus  aloue  did  not  tlie. 
The  attenuated  coccus  also  regained  its  original  virulence  in  this  way  ; 
it  was  e(jually  ho  whether  the  two  sub-stauces  were  injected  together 
or  se|>arately.  Cultures  of  the  jmiteus  vulgaris  injected  in  rabbits 
had  no  fiiter-efFecta.  It  was  also  noticed  tliat  the  local  reaction  of  tiie 
stre])tococcus  was  restored  by  the  chemical  products  of  the  proteus. 
It  is  with  the  erysipelas  coccus  as  with  the  p]ieun)ococcus ;  the  lost 
virulence  may  be  restored  by  the  toxic  jjroductH  of  a  common  organ- 
ism like  the  prot<^us  vulgaris. 

The  subject  of  mixed  infection  is  so  vast  that,  as  may  be  readily 
seen,  it  cannot  be  well  treated  as  part  of  a  general  article. 

Late  Besults  of  Infection. 

Late  results  of  infection  form  a  field  for  study,  well  suaimarix.id 
by  Charriu,  who  says  that  in  experimental  pathology  we  know  espe- 
cially the  immediate  effects  of  the  infectious  diseasrs,  those  that  are 
manifest  while  the  bacteria  are  multiplying  and  active;  but  we  know 
mucli  less  i)erfectly  the  bitei'  results  of  these  diseiises,  those  tiiat 
belong  directly  to  the  infection,  but  which  become  manifest  long  after 
the  bacterium  has  disappeared.  The  rea.snns  for  this  ai'e  that  for 
the  most  jtarfc  the  experimental  animals  are  not  kept  for  a  long  enough 
time,  and  that  generally  the  infectious  LJiseases  terminate  so  ])rf>iiiptly 
iu  death. 

It  is,  however,  possible  by  means  of  i>rotective  procedures  so  to 
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treat  au  animal  as  to  eudow  it  with  sucb  resisting  powers  that  the 
iiKJtndatpd  biicterium  shall  produce  only  a  UKulified  form  of  disease 
thitt  Hhall  at  least  appareutl.\  pass  on  to  complete  cure.  In  the  case 
of  the  paralyses  produced  by  the  inoculation  of  the  bacillus  pyocyn- 
neus,  if  the  animal  be  i)rotected  before  the  intravenous  injection, 
these  paralyses  (which  can  l>e  jiroduced  as  well  by  the  soluble  prod- 
ucts as  by  the  bacilli  themselves)  either  do  not  appear  at  all,  or  else 
very  late,  two,  tliree,  or  more  mouths  after  the  inoculation.  If  search 
be  made  for  the  bacilli  at  tliis  time,  tliey  will  not  lie  fomid  either  by 
microscopical  examination  or  by  culture,  althouj^h  it  waa  easy  enough 
to  demonatrat*'  their  jiresence  witliin  a  few  days  after  the  inoculation. 
An  error  in  tecliui{iue  cauuot  accimut  for  tlieir  not  beint;  found,  fur 
they  were  jtresent  at  first  uut|uestionably,  and  what  is  left  are  func- 
tional troulih^s  of  the  nerve  cells  irritated  at  some  periotl  by  the  bai*- 
terium  itnelf  or  by  its  products. 

In  another  experiment  Charrin  was  able  to  keep  a  ral>bit  for 
eleven  moiiths,  tlianks  to  previous  iininunization.  During  thesp 
eleven  moutiiw  the  raliViit  received  three  tinjes  by  intravenous  injec- 
tion doses  of  the  l)acillu8  pyocyaneus  sufficient  to  kill  control  auimabi 
in  two  or  three  (biys.  Immediately  after  the  inoculation  the  bacillus 
could  be  found  in  the  urine,  but  after  a  short  time  it  disappeared. 
During  the  last  three  months  of  the  animal's  life  the  biicilli  could 
not  be  fomul  at  all,  and  cultures  of  the  blood  and  fif  all  the  orgaun 
remained  ub.'^olijt  'ly  sterile.  But  during  the  last  months  the  animal 
sufi'ered  from  a  progressive  albuminuria  that  began  at  the  time  of  the 
iutraveuous  iiijectioiis  of  the  culture,  and  at  the  auto]>sy  the  kidneys 
were  found  sclerolic,  granular,  and  with  e[)ithelial  alterations  and 
(Minsiderabli'  amyloid  degeueration,  and  the  left  ventricle  of  the  heart 
was  dilated  as  well.  Ah  it  is  well  liuowii  that  the  bacillus  pyocya- 
neus, either  by  itself  or  by  means  of  its  jtroducts,  produces  nephritis, 
it  is  )ierniisHible  to  ctmclude  that  this  chronic  nephritis  could  l>e 
tiVK'cd  dirritly  to  t)ii'  luvsence  of  the  iufectioiw  agent  in  the  blooil 
jiud  uriiii*  of  the  auinia! ;  that  this  infectious  agent,  the  presence  of 
which  was  established  by  examinatiim  at  first,  had  disapi>eared,  as 
shown  by  tlti'  I'idturrs,  Inii  that  the  cells  injured  by  it  liad  continued 
to  (levelop  in  a  patliological  and  not  in  a  nornnil  way.  The  bacilli 
no  longer  cxiHtid,  but  tin'  ceHnlar  alteration  continued,  as  is  seen  ia 
human  infretions  or  intoxiivitions.  One  can  at  a  definite  moment 
sto])  the  supply  of  lead  or  of  aicolml,  but  the  progress  of  the  sclerosis 
cannot  by  this  be  arrested.  A  scarlatina  or  a  dii>htheritis  is  over, 
l)ut  there  is  seen  to  follow  a  nephritis  or  a  paralysis. 

Among  the  changes  produced,  those  described  by  Theresa  as 
occurring  in  the  arteries  iu  infections  diseases  are  interesting.     After 
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the  injection  of  varitjus  kinds  of  bacteria,  stieijtococci,  staphylococci, 

and  diphtheria  bacilli,  the  (luatoiuifal  fluiiif^eH  of  the  various  internal 
organs,  especiallv  df  the  arteries,  heart,  and  kidneys,  were  shidied. 
The  arteries  of  the  latter  Wfre  of  eHi>ecial  iut<>rest.  There  was  par- 
ticularly an  interstitial  iuflaiuination  of  varyint,'  intensity  tlnit  entered 
the  vessels  frt»ni  the  «urrouudiuK  connective  tissue.  There  were  found, 
for  example,  in  the  hearts  of  ^uiuea-]>it;s  injected  with  atteuuuted 
tliphtheria  bacilli  the  ordinary'  ai>pparances  of  acnte  infectious  myo- 
carditis, and  in  an  animal  dead  on  the  tliirteentli  day  and  in  one  dead 
during  the  third  week,  when  the  process  had  well  |)rogressed,  there 
were  found  api»earances  that  were  strikingly  like  tinwe  in  njan.  There 
was  an  inflammatory  reaction  in  the  adveutitia  of  the  medium  and 
large  arteries,  but  there  was  no  change  found  in  the  iutima;  tliis 
is  an  observation  of  very  great  interest  in  coniiectiim  with  that  of 
Liuidouzy  regarding  the  extreme  frequency  of  infectious  endarteritis. 
The  obsert'er  considered  the  inttaramatiou  of  the  adveutitia  as  the 
first  step  of  arterioscleroHis.  That  the  observed  changes  were  not  the 
result  of  the  direct  at^tion  of  the  bacteria  themselves,  lint  of  their 
prmlucts,  was  shown  by  the  injection  of  a  filtered  culture  of  a  strep- 
tococcus, which  produced  the  same  changes. 

Jaweiu  made  a  whole  series  of  experiments  upon  rabbits  and 
guineii-pigs  to  demonstrate  the  occurrence  and  jjathogeuic  action  of 
toxins  in  tlie  urine  of  aftected  animals.  For  the  infective  jairposes 
he  worked  with  Friinkel's  di]ttococcus,  bacilhis  pyocyaueus,  strej)- 
tococcus  of  erysipelas,  bacillus  of  anthrax,  vibrio  of  Asiatic  cholera, 
and  bacillus  of  hog  cholera;  siiecimeus  of  the  urine  of  these  animals 
were  injected  into  the  abdominal  cavities  of  other  animals  in  order 
to  determine  their  infectious  properties. 

The  conclusiim  was  very  hoou  reached  that  all  tliese  bacteria  aji- 
Iieared  iiuickly  in  the  urine  of  the  inflected  animals,  that  pure  cultures 
could  l>e  obtained  from  this  fluid,  and  that  the  patiiogenic  jiowers  of 
these  Huffereil  no  diminution,  since  the  jmre  culturfs  so  obtaini'd 
gave  the  diaracteriatic  results  in  inoculated  animals.  That  a  certain 
hixin  was  produced  in  the  urine  of  aninuds  inoculated  was  demon- 
strated in  the  case  of  Friiukel'.s  bacillus,  the  erysijielas  stre[itococcus, 
the  bacillus  of  anthrax,  and  the  liacillus  pyocyaueus,  in  which  the 
"urine  1>acteria"  were  destroyed  by  chloroform  or  hy  an  hour's  ex- 
posure tf)  a  temjierature  of  oH  C. ;  the  animals  that  were  inoculated 
with  urine  treated  in  this  way  very  iiuickly  died  of  the  expected 
cachexia. 

In  the  exjieriments  with  the  cliolera  s|)irilh]m  in  guiuea-jiigs.  it 
was  shown  that  the  urine  contained  no  bacteria  (nf  cholera),  I'sjiecially 
when  the  injection  was  by  the  alHlomiual  cavity,  but  not  a  suflicient 


196  ERNST— INFEOnON  AND  rMMTmm. 

(luautity  of  uriae  was  collected  in  these  cases  to  determine  whether 
or  not  there  wjis  a  toxin  ])reseut.  After  snbcutaneons  inoculation  of 
cholera  spirilla  (in  rabhits)  the  bacteria  die  very  quickly,  and  do  not 
pass  into  the  urine,  aiul  the  injection  of  this  urine  into  the  abdominal 
cavity  of  other  animals  demonstrates  also  that  it  contains  uo  toxins. 
The  iiriue  <^f  rabbits  inoculated  with  hog  cholera  liacilli  contains  a 
Hubsijiuce  that,  transferred  to  other  animals  (rabbits),  produces  a 
hij^li  degree  of  immunity  to  a  fatal  dose  of  these  bacilli.  That  this 
substauco  is  not  the  hog-cholera  toxin  is  shown  by  the  absence  of  the 
symptoms  that  are  characteristic  of  hog-cholera-toxin  poisoning. 

The  results  show  that  <ine  does  not  have  to  do  with  specific  toxins 
secreted  by  tlie  kidneys,  but  that  toxins  are  observed  in  the  urine 
only  when  the  urine  contains  the  special  bacteria.  The  question 
whetlier  the  toxin  is  present  in  the  urine  through  the  \-ital  activity  of 
tlie  bacteria,  or  whether  it  is  secreted  l>y  the  kidneys  is  left  oj>en. 
If  there  are  no  bacteria  present  in  the  urine,  no  toxin  is  present,  but 
tliiT)^  may  be  present  (as  in  hog  cholera)  an  immunizing  snlistance. 

Fuilijwiiig  a  similar  lino  of  investigation,  Peruice  and  Pollaci 
made  the  rei)eated  observation  that,  if  dogs  were  inoculated  with  a 
known  (juautilv  of  anthrax  bacilli,  tliey  remained  with  all  the  appar- 
ent sym]itiinis  of  well-being;  but  if  the  same  i(uautity  of  anthrax 
bacilli  was  inoculated  after  an  experimented  and  more  or  less  com- 
plete iiiiuria  was  established,  when,  during  the  time  that  the  bacteria 
existed  in  Hie  body,  the  functions  of  the  kidneys  were  destroyed  or 
limited,  tlien  dogs  so  inoculated  presented  the  symptoms  of  the  dis- 
ease, and  .4111)11  died.  Death  occurred  iisnally  in  from  twenty -four  to 
fiirty-i^ight  lumrs  after  the  iunculatiou,  at  a  time  when  it  is  ea.sy  to 
differentiate  from  death  due  to  ura?mic  jwisoning;  the  existence  of 
the  patliogeuic  bacteria  in  tlie  body  is  of  brief  duration,  for  they  dis- 
ajipear  vury  qiiickly. 

From  such  results  the  conclusion  is  reacheil  that  the  activity  of 
the  urinary  .'ipparatus  and  of  the  secretory  ajiparatus  in  general,  pre- 
.serves  the  body  from  infections,  and  it  is  possible  that  it  has  an  in- 
fluence upi)u  tlie  beginning  and  ending  of  the  infectious  diseases. 

External  Predisposing  Influences. 

Various  external  iudueuces  liavt^  to  do  with  predisposing  to  in- 
fectious diseases.  Charriii  and  Roger,  recognizing  the  clinical  fact 
that  overstrain  and  fatigue  result  in  a  predisposition  to  the  infec- 
tious diseases,  ciuleavored  to  cast  some  light  upon  the  matter  by  in- 
f>eulating  hirge  animals  with  eipial  amounts  of  infectious  material, 
and  placing  some  of  them  in  a  rotating  cylinder  for  from  two  to  eight 


EXTERNAL  PREDISPOSING   rSFLUENCES.  197 

hoars.  The  TotatioD  amouuteii  to  about  2,260  metres  an  hour,  and 
Ifi  km.  (10  miles)  in  seven  hours.  Guinea-pigs  and  rabbits  were  of  no 
use  in  the  experiments,  for  after  a  few  momenta  in  tlie  a]>])aratus  they 
collaiiseil  with  a  rapid  rise  of  temperature.  T>ogii  and  cata  stood 
the  manipulation  better,  but  tbe  best  were  wliite  nits  wbich  stood 
the  working  for  the  entire  day,  and  were  even  bright  in  the  morning 
when  the  apparatus  had  been  kept  working  all  night.  Tlie  experi- 
ments were  made  with  strong  and  attenuated  anthrax  biuiilli,  and 
justified  the  conclusion  that  fatigue  distinctly  aided  the  development 
of  the  infectious  diseases  in  inoculated  animals.  The  fatigued  ani- 
mal.s  died  much  more  quickly  than  those  left  alone,  and  sometimes* 
these  latter  got  well.  The  experiments  seemed  t<)  show  that  it  was 
not  iudindual  predisjjosition,  but  the  prolonged  fatigue,  that  deter- 
mined tbe  moment  of  yielding  to  the  disease. 

Caualirt  and  Morpurgo  demonstrated  the  eti'eot  oi  starvation  in 
increasing  the  susceptibility  to  infectious  disea-ses.  They  took  up 
the  subject  again  liy  stud^'iug  in  l)irds  th(^  iutfueucc  nf  iuanitiim  that 
Gibier  had  studied  in  frogs.  They  used  as  the  experimental  animal 
tlie  pigeon,  which  is  neither  very  susceptible  nor  very  refractory  to 
anthrax.  Of  the  birtls  that  they  used,  but  two  out  of  twelve  died  after 
being  inoculated  with  anthrax.  The  inoculation  was  made  by  introduc- 
ing under  the  interior  face  of  the  wing,  previously  sterilized,  a  dose  of 
an  agar  culture  of  anthrax  full  of  spores,  vinilt'iit  to  rabbits  nnd  guinea- 
pigs.  The  result  of  the  inticulatioii  is  very  diU'erent  if  the  pigeon  be 
subjected  to  fasting  for  several  dii>s  before  the  injection,  or  onh'  at  the 
time.  Of  sixteen  pigeons  thus  inuculated,  fifteen  died  with  anthrax 
bacilli  in  iM  the  organs  (muscle,  heart,  liver,  spleen).  The  sixteenth 
was  a  pigeon  that  had  been  fasting  for  seven  days  and  died  the  day 
after  the  inoculati(jn,  doubtless  of  hunger,  but  there  was  seen  a 
marke<l  development  of  the  bacilli  at  the  point  of  inoruhitiou.  Other 
birds  of  the  same  species,  on  the  other  hand,  resisted  the  inoculations 
with  anthrax  if  food  was  given  tlieni  at  once  aft+>r  the  injpctinn,  ])ro- 
vided  the  effect  upon  their  health  was  not  too  jin  ifouud.  Of  ten  birds 
that  hatl  fasted  for  six  days  liefore  the  inoculation,  which  were  fed 
immediately  after  it,  not  one  died;  but  of  four  tliat  were  inoculated 
after  seven  days  of  fasting,  two  died.  Before  attributing  to  stivrva- 
tion  alone  these  curious  effects,  the  authors  considered  whether  ii 
IKJrtion  of  them  might  not  Ije  duo  to  the  natural  fall  nf  tiMiijieraturc 
that  is  the  result  of  inanition.  In  order  to  detoruiine  this,  thev 
placed  the  iniwulated  pigeons  in  a  liath  id  alxint  the  same  tera[)er- 
ature  l>elow  normal  that  they  would  have  w(n-e  they  in  a  condition  oi 
inanition.  Nine  animals  thus  treated  died,  but  not  one  of  anthrax 
no  bacilli  were  found  in  the  organs,  and  the  local  reaction  at  tht 
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poiut  uf  iuoculatiou  waa  as  HligLt  au  in  refractory  pigeons.  Canalis 
auil  Morpiiryo  therefore  consiilercd  themselves  jnstifietl  in  concludinj; 
tliiit  the  crxiliug  had  nothing  to  du  with  the  fatiil  result**  after  inocula- 
tion with  anthrax,  but  that  these  were  due  entirely  to  the  fasting. 
Possibly  it  will  be  necessary  to  modify  this  conclusion  somewhat  iu 
considering  the  mechanism  of  death.  A  physiological  iuiluence 
is  not  like  a  brick  iu  a  wall  that  can  be  broken  or  taken  out  with- 
out injuring  the  remainder.  It  would  be  extremely  remarkable 
if  an  exjioHure  to  cold  that  of  itself  could  proiluee  death  should 
not  have  some  effect  ufion  the  resistance  to  anthrax;  possibly  this 
influence  is  not  direct,  and  is  effected  by  the  intermediary  of  the  white 
ci)r]iUHc]es,  as  shown  by  Waguer  in  his  work  upon  the  anthrax  of 
chickens. 

This  restrictiou  ui)ou  the  causes  does  not  of  course  alter  the  facts 
that  seem  tn  be  well  authenticated.  Canalis  and  Morpurgi*  attempted 
to  utilize  this  susceptibility  of  fiistiug  birds  to  anthrax  to  determine 
the  leugth  of  time  that  the  virulence  of  the  bacilli  introduced  under 
the  skin  would  last.  For  this  pur]>08e  it  was  enough  to  stop  the  ftxkl 
some  davs  after  the  inoculation,  and  to  see  what  would  liecome  of  the 
birds  that  up  to  that  time  had  remained  healthy,  for  if  they  l)ecame 
affected  with  anthrax,  it  would  be  because  they  had  ]>rpserved  some 
living  anthrax  bacilli  at  the  site  of  the  inoculation.  Ofierating  in 
tins  way,  it  was  found  that  of  twelve  jtigeons  subjected  to  fasting  on  the 
fifth  day  after  the  iuoculatiou  all  died  <if  anthrax,  ami  there  were 
niimy  bacilli  in  the  blood;  of  two  fasting  on  the  seventh  day,  one 
dit'd,  and  the  crmditiou  of  the  other  was  doubtful;  but  of  five  fasting 
eight  days,  two  became  affected  with  anthrax.  Beyoud  this  limit 
none  Ijecame  infected,  and  none  died  except  from  the  effects  of  the 
Iirolougi'd  fasting  to  which  they  were  subjected  iu  waiting  for  the 
a[iiip;uanco  of  the  symptoms  of  anthrax.  This  ingenious  experiment 
is  iu  aci'ord  with  the  results  of  Metchuikoff,  proving  that  the  l>acilli 
introduced  into  the  bodies  of  refractory  ]>igeons  retained  there  their 
vitalit.\'  and  their  virulence  for  a  long  time.  Canalis  and  Morjiurgo 
were  not  satisfied  with  esjierimenting  uptm  pigeons,  but  used  al.so 
chickens  and  white  ruts.  They  found  with  chickens,  as  did  Pasteur, 
that  fa.sting  did  not  make  them  more  susceptible  to  anthrax  if  they 
were  inoculated  before  iuauition,  but  that  if  the  fasting  were  begun 
eight,  .seven,  four,  t)r  even  thn^e  days  before  the  inoculation,  abont 
half  (seven  out  of  twelve)  died  of  anthrax  three  to  eleven  days  after 
inoculation.  With  white  rats,  in  which  the  susceptibility  to  anthrax 
appears  to  be  vari.ible  ("Metchuikoff).  fasting  uever  seemed  to  have 
any  perce|)tib!e  effect.  Cnnalis  and  Jforpurgo  also  studied  the  effect 
of  the  complete  extirpation  of  the  pancreas,  and  determined  that  this 
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operatiou  produced  afc  least  a  temporary  iucreasB  of  8ueceptibility  tc 
anthrax. 

The  behavior  of  musciilar  tisane  in  infectiotis  diseases  is  wel] 
demonstrated  by  Giacomo.  Two  aorta  of  investigation  were  made, 
one  to  determine  the  condition  of  muscalar  tissue  in  the  iufectiouE 
diseases,  and  the  other  the  bactericidal  power  of  muscle  fluid  talcen 
under  aseptic  conditions. 

For  the  first,  the  infectious  materials  (anthrax  bacillus,  stai^hv- 
lococcus  aureus,  ruicrococcus  tetrageuus)  were  injected  into  the  jugu- 
lar vein  in  rabbits  aud  gninea-pigs ;  sometimes  the  dpatli  of  the  auimul 
was  waited  for,  and  sometimes  this  was  sectired  by  chloroform,  and 
then  smnll  portrous  of  the  muscular  tissue  wore  taken  from  the  glu- 
teus muscle,  the  sjileen,  kidney,  aud  liver,  under  antiseptic  precau- 
tions. These  were  divided  by  crushing  in  distilled  water,  fuid  then 
plate  cultures  were  made,  and  it  was  shown  that  there  were  man}'  less 
bacilli  in  the  muscle  than  in  the  organs,  aud  sometimes  {in  the  case 
of  the  anthrax  bacillus  and  of  streptococcus  aureus)  the  muscle  was 
found  to  be  entirely  free.  It  was  also  observed  that  an  hour  after 
the  injection  it  was  possible  to  demonstrate  many  more  bacilli  in  the 
muscle  than  later,  and  that  after  eight  hours  there  were  no  more 
bacilli  to  be  fimud.  This  bactericidal  action  of  the  muscidar  tissue 
could  also  lie  demonstrated  witti  uon-[iathogeiiic  bacteria. 

For  the  second  research,  there  was  taken  unisde  Huid  from  dogs, 
rabbits,  and  horses.  The  animalsi  were  killed  by  bleeding,  and  |>or- 
tions  of  the  muscle  were  taken  from  various  parts,  cut  into  Kin.all 
pieces,  and  then  squeezed  in  a  sterilised  press.  It  was  shown  by 
experiment  that  the  fluid  was  sterile.  The  rpscnrch  us  t()  the  bac- 
tericidal action  of  the  fluid  was  carried  on  with  typlmid  aud  cholera 
bacilli,  and  this  action  appeared  to  l>e  marked  for  all  three  Si>eeies  of 
animals,  especially  dogs;  after  foxir  hours  the  vitality  of  tiio  bacteria 
tliat  had  lieeu  iutrotluced  into  this  miisclp  fluid  was  cumjiletely  de- 
stroyed. The  ba<;tericid(d  projierty  was  iu  accord  with  the  size  of 
the  mixiug,  aud  after  four  days  the  loss  of  it  was  uot  apjiareiit  iu  the 
fluid  from  dogs,  as  is  the  case  with  hlood  aeruui.  It  canuf)t  bo  said 
that  it  is  the  acid  reaction  that  causes  tlie  bactericidal  actiou  of  the 
fliud,  for  it  reujaius  after  the  addition  of  a  neutralizing  soda  solution. 
Neither  does  the  author  c<inHider  tliat  the  higlicr  conccntiatiou  of  tlic 
fluid  has  anything  to  do  with  it,  but  he  thinks  it  more  likely  that  it 
is  due  to  some  mollification  or  condition  of  the  albuminoid  bodies  as 
the  active  principle. 
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Role  of  the  Nervous  System. 

The  part  played  by  the  nervous  eystem  iu  bacterial  infpctiona  is 
probably  an  importaut  ono.  The  work  of  Virchow,  Saraiiel,  Charriu, 
linger,  Gley,  Bout^hanl,  Herman,  and  others,  has  shown  the  great 
iiirinence  of  the  nervous  syntem  on  inHauimatory  processes  and  bac- 
terial iufe<'ti(.>n.  But  this  work  is  very  incomplete,  and  at  jiresent 
thi^  faots  at  hand  are  not  sufficient  to  i>errait  the  formulation  of  a 
tlieiu'y  couceruiuf^  the  influence  of  the  nervous  system  upon  the  infec- 
tious processes. 

Dache  and  Malvoz  report  a  number  of  exijeriments  that  have  a 
bearing  ujiou  tho  (luestion,  altiiough  they  are  not  able  as  yet  to  give 
the  oxfift  exiilauatiou  of  them. 

Starting  from  tlie  notion  that  in  general  the  inoculation  of  specific 
bacteria  iu  a  resisting  auinial  jirovoke.s  esjiecially  a  local  reaction. 
while,  iu  the  suscei)tible  races  the  bacteria  become  generalizetl, 
most  often  witljout  any  marked  local  reaction,  the  question  arose 
whether  the  iucrease  of  tlio  local  reaction  produced  by  the  section  of 
tlie  U(n'vous  supply  to  tho  ]>art  might  not  be  a  useful  factor  in  the 
l»rot«ction  of  the  system  agaiiwt  the  invasion  in  the  habitual  con- 
ditiiius  of  experimeutaliou.  It  was  in  attt'mi)ting  to  solve  this  fjues- 
tiou  that  thi!  iniporbiut  result  was  arrived  at  that  nerve  section  in 
animals  .suHceptible  to  jinthrax  mjule  them  much  more  suacejitible  to 
protective  inoeulatiims,  and  likely  to  benefit  by  them. 

C.  K.  Mills,  iu  a  very  exliaustive  review  of  tlie  subject,  comes  to 
llie  fnlliiwing  conclusions:  1.  Sjiecific  infection  must  Ix)  included 
among  th(!  causes  of  nie^utal  diseases  and  of  symptoms  wliich  precede, 
accniujiam  ,  or  follow  febrile  or  other  infectious  disorders.  2.  Much 
negative  evi<lence  can  be  adduced  in  favor  f)f  acute  delirium  or  acute 
mania  being  due  to  toxa'mia,  sucli  evidence  as  is  afforded  by  autoj*- 
sies  which  reveal  U(uther  gross  nor  liistoiogical  les^ions;  and  in  these 
cases  the  toxjeinia  proViably  overwhelms  the  iwitieut  before  tho  pro- 
dui-tioM  iif  lueuingitis  nr  dtlier  disease.  3.  Analogies  with  nervous 
afl'ectidijs  whieli  are  known  f)r  believed  to  be  of  microbic  origin,  such 
as  mnlti|iie  neuritis,  myelitis,  and  chorea,  favor  the  view  that  insani- 
ties vitli  similar  or  related  phenomena  and  lesionH  are  also  microbic 
in  origin.  4.  The  evidence  aJlVirded  by  careful  bacteriological  in- 
vestigations of  ctLses  of  acute  insanity  is  thus  far  meagi'e,  but  shows 
that  various  microorganisms  may  induce  tlie  same  or  similar  tyi>es  of 
mental  disease.  o.  Tlie  Mu'utal  disorders  of  pregnancy  and  the 
puerperal  state  are  |niibably,  in  a  considerable  proportion  of  cases, 
toxreniic,  witimut  refcrruie  primarily  to  childbirth;   but  it  cannot  be 
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ref;arded  as  proved  tliat  a  bacillus  of  either  eclampsia  or  puerperal 
njauiii  is  the  sole  cause  of  these  affections. 

Finally,  J.  J.  Putnam  summarizes  the  relation  of  infectious  proc- 
eases  to  diseases  of  the  nervous  system,  as  follows:  It  is  imiiortant 
to  separate  («)  tLe  symptoms  and  lesioua  which  we  can  assert  to  be 
directly  due  to  the  specific  toxins  of  the  various  iufectivo  tUsoases, 
from  (6)  the  effects  of  aua?min,  cedenia,  intoxication  from  disorderetl 
metabolism  on  the  one  hand,  ami  on  the  other  hand  from  [r)  the 
aflectious  which  spring  into  existence  Itecause  the  u<>rv()us  syMteni 
wiis  jtrone  to  them,  either  from  peculiarities  of  structure,  anatomical 
surrnnndiuyH,  circulation,  and  the  like,  or  Ivecauso  other  cjiuhph  had 
been  at  work  to  which  the  infective  poison  only  contributed  new 
effectiveness  for  evil. 

lu  tlie  first  class  (a)  we  can  fairly  place  the  symptfuu  groups  fif 
tetanus  and  rabies,  and  with  reasonalde  proi lability  th(*  chill,  pains, 
pariBsthesias,  acute  deUriinn,  diworders  of  micturitioii,  and  other 
s.\  itiptoiiis  vvhicli  characterize  the  outluvak  of  many  acute  febrih'*  dis- 
ordfiTs,  thout^h  it  must  he  admitted  that  we  know  little  or  nothing 
about  their  ]  latlu (genesis. 

The  fncal  hemorrhagic  encephalitis  and  myelitis  ocfaHinnally  ob- 
ser^■ed  after  iuflueuza  and  other  infectifiu.s  iirocesses  is  jirnliably  (hic 
to  the  action  of  the  specific  poison  on  the  tissues  and  tlic  vessels. 
Acute  ]>oIiomyelitis  and  acute  luMnorrhiigic  n(>idiritiH  may  li(>  of  the 
same  <»rigin,  though  tiiese  oi>iui<)ns  need  fui'thi^r  substantiation. 

As  regards  tetamis  and  rabies,  it  is  not  probable  tliat  the  anatom- 
ical leHJiius  which  have  been  found  after  death  (Golgi  and  others^  are 
actually  the  anatomical  substratum  of  tlin  characteristic  symptoms. 
They  may  have  l>eeu  simply  of  correlative  origin. 

Post- infection  meningitis  is  generally  of  a  imruleut  character,  and 
imjdies  the  i)resence  of  nucroorganisms;  but  the  U(in-i>uruleut  form 
l>ears  a  relation  to  infectious  di.sease  which  is  in  need  of  furthrr  study. 

The  ]>aralysesof  diphtheria  am  proliably  attributable  to  fhi'  direct 
acti(m  of  the  poisons,  but,  as  in  the  ca.si!  of  tit-iims  and  rabies,  it  is 
hy  no  means  certain  that  the  lesions  sometimes  found  (thongh  often 
missed)  are  the  true  cause  of  the  symjitoms.  It  is  more  jmibabli'  that 
the  first  and  characteristic  effect  of  the  jmisriu  is  to  excite  a  chemical 
or  molecular  change,  and  that  this  alone  is  ntriftly  characteristic. 
Sometimes  the  paralysis  passes  away  ton  rafiidly  to  be  attributable 
to  neuritis.  Tlie  lesions  when  present  may  be  many  and  vai-ious,  and 
the  neuritis,  which  is  the  commonest  form,  is  of  varying  types. 

The  lesions  met  with  in  meningitis,  and  in  a  certain  sense  those 
characteristic  of  tuberculosis  and  syphilis,  are  directly  due  to  bac- 
terial action. 
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-iCk^^  'i  >jT£.iIii^  y.-^T*>  ti>  tke  pRseDce  of  some  poison  as  yet  un- 
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TLr^  o  •iii]>lrx  narni^  of  the  infectiTe  iwisons  is  shown  by  the  vary- 
iiiii  r^-Liti'-te.  Wtwe*-n  tbr  toiic  symptoms  of  the  first  stage  (fever, 
Jelirium.  pain.  etc.  <  aD>!  th«:«se  of  the  later  stages. 

In  indnt-nza  tlie  fever  may  l>e  of  trifling  amount  and  duration,  and 
vet  the  i^t-tst-infe^-tive  di^^eas^  may  be  severe  and  lasting;  in  cerebri >- 
sjiinAl  menin^riti^  the  fever  is  often  slight.  Again,  it  has  been  foun<l 
I)r»ssible,  esjierimen tally,  to  neutralize  to  a  certain  extent  the  fever- 
producing  f-lement  in  bacterial  poisons  by  special  antitoxins  (Cen- 
tanni  and  Bnischettini). 

Finally,  it  is  ijrobable  that  a  routine  examination,  by  the  best 
idem  methods,  of  the  central  and  the  peripheral  nervous  systems 
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after  iiifectitiu,  w<iiUd  show  cLaQges  to  be  preseut  far  ofteuer  thau  in 
uow  supposed.  The  atuiUes  of  Golgi  in  rabies  lend  support  to  this 
view. 

As  an  ailditional  contributive  cause  of  lesions,  fati)<ue  uuiy  be 
lueutioued,  since  the  experiments  of  Hodne  show  that  tliis  is  cajiabh^ 
of  exciting  manifeHt  changes  iu  the  nerve  cells.  It  is  a  (lueKtiuu  for 
further  investigation,  whether  »)r  not  fatigue  acts  more  fjirciblj-  tm 
uerve  centres  i)oi80i,ed  by  the  products  of  infectious  processes. 

Periods  of  Incubation  and  Infectiousness. 

Broa<lbeut  and  Dawson  Williams  were  appointed  in  1888  by  the 
Clinical  Society  of  London  a  committee  to  investigate  the  subject  of 
tlie  period  of  incubation  and  of  transmisailiility  of  the  ]>riucipal  iufec- 
tiuus  disea-ses,  and  readied  the  following  conclusions:  In  diphtheria 
the  iieriod  of  incul>ation  is  most  frequently  two  days,  usually  do4's 
not  go  over  fimr  d.'iys,  and  rarely  exceeds  six  or  seven  days;  over 
seven  days  is  doubtful.  Most  frequently  the  (lisease  is  acciuirml  liy 
personal  contact  with  persons  aflFected  with  the  disease  or  with  cou- 
valesceuts;  the  possibility  of  the  infection  during  the  iiicnhiition 
jieriod  is  also  a[)pareutly  established  ;  the  couvalesceuts  are  ofti^n  in- 
fectious for  a  long  time,  as  is  shown  of  late  years  by  the  cases  f)f 
jiersisteut  bacilli  that  are  so  common  since  the  introdnctinu  of  the 
bacterial  diagnosis  of  the  disease.  The  diphtheria  virus  rciijaiuH  in 
clothing  and  other  places  for  mouths  and  perhajis  for  years.  In 
typhoid  fever  the  perifid  f)f  iucnbalion  lasts  usuidly  for  twrhe  to 
fourti-en  days,  rarely  as  short  as  seven  tlays;  there  are  observations 
showing  that  it  may  last  as  long  as  f(jurteeu,  eighteen,  or  twenty- 
three  days.  The  convalescent  remains  infei'tious  for  fourti'eii  days 
after  the  beginning  of  convalescence;  the  poison  soinetiines  lusts  in 
the  eflfects  of  the  sick  for  two  months.  Intlueuza  has  a  ])eriitd  of  in- 
cubation of  three  to  four  days;  the  afl'ected  jierson  may  transmit  (he 
tlisease  for  eight  to  ten  days  after  the  ajipcarauce  of  tlie  tii'st  symp- 
toms. In  measles  the  incubation  lasts  for  an  average  of  nine  to  ten 
days  to  the  appearance  oi  tlie  rasli,  but  varies  from  five  In  fointern 
days;  its  infectiousness  lasts  for  about  fourteen  days  aftrr  the  bnak- 
ing  out  of  the  rash,  but  the  infectiousness  of  the  effects  of  the  jiatiint 
lasts  for  oidy  a  short  tiuie.  Incubntion  iu  scarlet  fever  lasts  usually 
for  twenty-four  to  sixty-two  hours,  but  is  often  prolonged  four,  live, 
six,  and  seven  days.  The  individual  remains  infectious  for  two 
months;  the  poison  remains  easily  in  the  clothing  of  the  sick.* 

*  These  iait'rfstiiij;  points  art'  (liwiLssiil  ia  iltlnil  in  llii'  article  oti  "  Periods  of 
Incubation  and  Infectiousness"  in  tlic  present  volume. 
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Prevention  of  Infectious  Diseases. 

The  mauagement  of  infectioua  diseases  iu  war  is  surainarized  by 
R.  Koeb,  who  divides  the  prophylactic  measures  to  be  tiikeu  Ji^iunst 
the  iDfec-tious  diseases  iuto  two  groups,  iu  which  the  niejisures  to  be 
taken  agjunst  any  ai>ecial  disease  may  l>e  iuolmled.  He  cuufinea  him- 
self, linwever,  to  the  consideration  of  but  oae  iu  tliis  article.  Him 
CI  inchisioiis  are  the  following :  The  infectious  diseases  are  the  same 
as  tlie  jiarasitic  diseases;  they  are  not  j>r«duced  by  miasms  but  bv 
(letitiite  formed  elements.  The  infectious  diseases  are  pmiiagated 
only  by  tlie  gi-owth  of  their  specific  cause,  never  by  bjwl  hygienic 
surroundings;  these  last  can  (inly  be  active  in  helping  on  the  growth 
of  tlie  siH'cilic  cause.  The  change  of  one  infectious  disea.se  into  an- 
(jther  is  not  possible.  The  varying  intensity  of  the  individual  ill- 
nesses ill  the  coume  of  an  opidennc  is  due  to  the  variation  of  virulence 
in  the  ditferent  pliases  of  the  o])ideniic. 

As  tlie  bacteria  retain  tlieir  vitality  for  a  long  time  in  the  driwl 
c(puditi(jn.  so  also  they  find  favoral>le  conditionH  for  their  growth  tmly 
iu  a  proper  suiipiy  of  moisture.  First,  then,  when  these  fluids  as 
such  are  ](ulverized,  or  when  they  have  been  dried  and  then  pow- 
dered, the  inicroorgauisms  caunot  grow  until  they  have  Ix^eu  carried 
by  the  dust  to  some  place  where  they  receive  sulMcieut  moisture  fur 
thi'ir  development.  The  air,  however,  is  much  lean  to  be  con.sidered 
as  a  carrier  of  infectious  diseases  than  fluids,  and  especiidly  water. 

Moisture  on  the  surface  of  the  eartli  makes  this  a  good  ground  for 
the  devehiimieut  of  the  microorganisms,  while  deeper  down,  in  spite 
of  tlie  increasing  moisture,  the  lower  temjjerature  makes  it  an  uu- 
I'avoralile  ]ilace. 

W(i  should,  therefore,  prevent  as  far  as  possible  the  drying  and 
]>ulvi>riziiig  of  the  infectious  material,  or  at  least  the  escape  of  this 
dust  into  the  iuhabit+'d  jihtcea  of  men  must  l>e  prevented.  The  method 
iif  [irev(iiitiiig  this  is  the  projier  ventilation  of  the  rooms  which  are 
devoted  to  the  care  of  those  aick  with  infectious  disea-ses. 

Ground-water  is  to  l>e  cinisidered  oidy  so  far  an  the  infectious  ma- 
terial may  jiass  intfi  it  through  crevices  iu  stone  or  gravel  which  do 
not  filter,  and  thus  m.ay  get  into  tlie  drinking-water. 

Somt!  infections  materials  can  live  only  in  the  lx)dy,  and  are  car- 
e<l  either  by  actual  contact  or  else  in  dust  form  through  the  air. 
thei-s  may  live  and  grow  outside  of  tlie  body  as  well;  and  of  these 
•me  live  bi'tter  in  water,  others  iu  the  earth. 

Prophylactic  precautious  against  the  infectioua  diseases  must  be 
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organized  with  especial  reference  to  these  peculiarities  of  the  disease 
lieiiig  dealt  with.  Before  the  outbreak  of  an  epidemic  the  preeau- 
tifms  to  be  takeu  are  general,  and  have  reference  to  the  rturrouudiugs 
of  the  jiersouK  it  in  sought  to  protect;  iu  especial  must  the  ventilation 
of  the  rooms  be  attended  to.  The  earth  must  be  dry  at  its  Hurface, 
and  everything  that  by  any  possibility  coold  hold  infectinii  must  be 
kept  away  from  the  ground.  Especial  attention  must  be  fiaid  to  the 
water  supply,  as  well  as  to  the  cleanliness  of  the  rooms,  the  clothes, 
and  the  bodies  of  the  men. 

Once  an  epidemic  is  startetl,  the  attack  must  be  directed  agaiust 
the  infectious  material  itself.  To  this  end,  the  first  case  is  of  the 
utmost  im](ortauce,  and  to  determine  this  the  microscopical  and  bac- 
teriological exariiiuatiou  is  of  the  must  vital  importnuce.  The  first 
ca.se  must  )>e  absolutely  isolated,  and  the  possibility  of  the  transpur- 
tatiou  of  the  iufectiuus  material  must  be  prevented,  which  is  to  Ixs 
done  iu  the  first  jilace  by  disinfection,  aud  tiuiilly  even  by  biiruiiig. 

If  it  should  happen  that  we  are  not  called  iu  at  the  Ijegiuniug  tif 
an  epidemic,  it  must  lie  fought  with  all  the  general  and  sjiecial  ndes 
that  a  military  organization  allows. 

Small{>ox  is  to  be  combated,  of  course,  by  universal  vaccination 
with  projwr  virus. 

IMMITNITY. 

After  infection  and  its  causes,  there  come  up  for  cou-sideratiou 
the  fiwts  of  iinnuinity,  its  probable  cauHcs  and  conditions.  TJiat  a 
couditiou  of  imninnity,  meaning  by  that  a  n'sistHnw^  of  the  living 
organism  to  iufi'ctiou,  does  exist,  is  axiomatic.  The  causes  of  its 
existj^uce  are,  however,  not  so  well  underHtood  as  they  should  be. 
Tu  regard  to  the  general  subject,  MacFarland  sa.ss  that  "  one  of  the 
most  justonishiug  facta  fibserved  in  comiiarative  pathology  aud  ])hysi- 
ology  is  the  resisfamcn  which  certain  auiitials  and  classes  of  animals, 
not  differing  very  much  from  other  aiiiunils,  l)nt  often  diiVi^riiig  vi>ry 
widely  amimg  themselves,  show  to  th»>  invasion  of  their  Ijodies  by  the 
germs  of  disease.  Thus,  man  suffers  from  typhoid  fever,  choli-ra, 
and  other  infectious  diseases,  which  are  never  oltserved  in  tln^  domes- 
tic animals;  cattle  are  subject  to  a  pleuropneumcmia,  which  does  not 
affect  their  attendant*!;  man,  the  cow,  aud  the  guinea-iiig  are  es|)e- 
ciidly  susceptible  to  tuberculosis,  which  the  cat,  dog,  and  horse 
resist;  yellow  fever  is  a  highly  contagious,  infectious  disease,  which 
is  almost  certain,  when  e]>idemic,  to  att;ick  all  new  arrivals  of  tlie 
human  8pe<'ies  but  which  rarely,  if  ever,  attacks  animals. 

"  The  popular  mind  acce]>ts  a  statement  i  >f  .such  facts  as  these  witli- 
out  any  other  explanation  than  that  the  animals  are  difi'erent.     The 
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more  the  professional  man  contemplates  these  facts,  however,  the 
more  complicated  the  matter  becomes ;  for  while  it  might  be  admitted 
that  a  difference  in  the  bodily  temperature  and  chemistry  might  ex- 
plain why  a  frog  will  resist  anthrax  which  readily  kills  a  common 
rat,  it  will  not  explain  why  a  white  rat,  whose  chemistry  most  be 
almost  if  not  quite  identical  with  that  of  the  house  rat,  can  success- 
fully combat  the  disease.  Nor  is  this  all.  The  fact  that  one  attack 
of  yellow  fever,  of  typhoid  fever,  or  of  scarlet  fever  renders  a  second 
attack  almost  impossible  is  not  the  less  interesting  because  it  is  of 
almost  daily  observation.  The  mouse  which  has  recovered  from  tet- 
anus will  not  take  tetanus  again,  and  most  interesting  and  extraordi- 
nary is  the  fact  that  a  few  drops  of  blood  from  the  recovered  mouse, 
injected  into  another  mouse,  will  protect  the  latter  from  future  attacks 
of  tetanus." 

The  condition  in  which  the  body  of  au  animal  resists  the  entrance 
of  diseaHe-producing  germs,  or,  having  been  compelled  to  allow  them 
to  enter,  resists  their  growth  and  pathogenesis,  is  called  "immimity." 
The  resistance  so  manifested  is  a  distinct,  potential,  vital  phenomenon. 

The  opposite  condition,  in  which  instead  of  resistance  there  is  a 
passive  inertia  which  allows  the  disease-producing  organisms  to  de- 
velop without  opi)08ition,  is  called  "susceptibility."  Susceptibility 
is  accordingly  seen  to  be  nothing  more  than  the  absence  of  immunity. 
Immunity  is  either  natural  or  acquired. 

Natural  Immunity. 

By  this  term  is  meant  the  natural  and  constant  resistanc^i  which 
certiiin  healthy  animals  exhibit  towards  certain  diseases  which  affect 
other  kinds. 

The  white  rut  is  peculiar  in  resisting  anthrax.  It  is  almost  im- 
possible to  develop  anthrax  in  a  healthy  white  rat,  but  Roger  found 
that  such  au  animal  would  easily  succumb  to  the  disease  if  comiwUetl 
to  turn  a  r(>volviug  wheel  until  exhausted.  Susceptibility  which  fol- 
lows such  au  exhaustion  of  the  vital  powers  cannot  be  regarded  as 
other  tlinn  accideutjil,  and  makes  no  oxcei)tion  to  the  statement  that 
the  white  rat  is  imniuno  to  anthrax.  Animals  such  as  man,  sheep, 
cows,  and  rabl)its  are  susceptible  to  anthrax,  while  birds  and  reptiles 
are  generally  immune.  The  great  difference  in  the  mori)hology  1m»- 
tw(H»n  nmniinals,  and  birds  and  reptiles,  tf)gether  with  the  fiu-t  that 
their  temi>eratnre,  bIcK)d,  and  tissues  all  differ,  makes  this  immunity 
reasonably  intelligible.  Morphological  differences,  however,  will 
not  suffice  to  explain  all  cases,  for  the  Caucasian  nearly  always 
succumbs  to  y(>ll()W  fever,  while  the  negro  is  more  rarely  affected, 
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and  scarlatina,  which  is  one  of  oar  comiDOiieBt  and  mont  daugeruus 
diseases  of  childhood,  is  Haid  to  be  imknown  among  the  Japanese. 
Nor  is  this  all,  for  close  as  is  their  resemblance  in  all  respects  except 
color,  the  house  raouae,  the  field  mouse,  and  the  white  mouse  differ 
very  much  iu  their  susceptibility  to  various  diseases. 

ArgciRKD  iMjcuNmr. 

B\-  this  term  is  understood  a  resistance  which  is  the  result  cif 
.■iccidental  circumstances.  MoHt  of  u.s  hMve  suffered  from  rulxuihi, 
scarlatina,  and  varicella,  aud  iu  couHecjueuce  of  the  iittiick  are  uow 
iinmnue.  One  attack  of  \ellow  fever  is  always  a  complete  (^iiard 
against  another.  Tyijhoid  fever  is  rarely  followed  by  a  secoud 
attack. 

Sometimes  the  immunity  is  experimentally  produced,  as  wlieu  by 
vaccination  we  jiroduce  the  vaccine  disease,  anil  jifterwiinlK  resist 
variola.  Acijuired  immunity  is  a  little  less  complete,  and  not  so 
f>ermaneut  as  natural  immunity,  for  in  the  latter,  it  is  only  when  the 
functions  of  the  individual  are  disturW'd  or  his  vitality  is  depressed 
that  the  resistance  is  lost,  while  iu  the  former,  tiiue  seems  to  lesseu 
the  power  of  resistance  so  that  rubeola  and  scarlatina  may  retui'u  iu 
a  few  months  or  years,  aud  for  c(im]>lete  iiriitectiou  vacciuaticm  may 
need  to  be  doue  as  often  as  every  seven  yeai-s. 

Experimental  Immutoty. 

Immunity  may  lie  produced  experimentally  in  various  ways. 

O/itnitloiis  iipDH  the  Aniiiiuls.- — The  house  mouse  and  tlie  white 
mouse  are  susceptible  to  tetanus.  If  from  a  convalesceut  oi-  a  tetanic 
mouse  a  drop  or  two  of  blood  bo  injected  into  auotlier  mouse,  it  is 
Bjiid  to  render  it  immuue. 

Mnnipulatiou  of  the  Specijir  0/y/c(«i*)«.— Pathogenic  bacteria  are 
ptisscssed  rif  ]>owers  which  are  described  as  virulent,  aud  wliirli  gen- 
erally weaken  very  much  when  the  bacteria  are  ^rowu  U|")U  iiitilieial 
media.  This  condition  of  weakened  virulence  is  called  ii/nuiiftlidii, 
and  may  be  jmHlueed  by:  (1)  Cultivating'  the  bacteria  ujxiu  media 
coutainiug  1 :5,0U0  to  1  :'i,000  of  i)ieliromiit<^  of  jHitiissium,  or  one  (ler 
cent,  of  carbolic  acid;  (2)  cultivatinj^  them  under  a  pressure  of  ei^jht 
atmospheres;  (3)  cultivating^  them,  and  exjiosiii^;  the  cultures  to  sun- 
light for  a  short  time;  (4)  exposing;  the  cultm'cs  fm*  ten  minutes  to  u 
temperature  of  55°  C.  After  subjection  to  manipulations  sinOi  as 
these,  the  most  vindeut  of  the  bacteria  will  ofteu  be  so  atti'uuated  as 
to  cause  little  or  no  disturbance  when  inoculated  into  susceptible 
animals. 
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In  passing,  it  is  well  to  coll  atteution  to  a  curious  result  wlucL 
very  frequently  follows  the  introduction  uf  attentiated  microorganisius 
into  susceptible  animals,  viz.,  the  production  of  immunity  to  tLe 
virulent  form  of  tlie  organism. 

OnnhuiiiKj  Various  Microorganisms. — Pawlowski  found  that  when 
raltbits,  which  are  very  susceptible  to  anthrax,  are  simultaneously 
injected  with  the  bacillus  anthracis  and  the  bacillus  prodigioeuB, 
which  is  harmless,  they  recovered  from  the  anthrax,  as  if  the  harm- 
less microbe  possessed  the  power  of  neutralizing  the  poison  of  the 
other. 

Destruction  of  Immunity. 

Immunity  may  be  destroyed  in  numerous  ways. 

Variation  froiii  (lie  iioniial  ieinperaho-e  of  the  animal  under  obser- 
viitiou.  Pasteur  observed  that  chickens  would  not  take  anthrax,  ami 
snsppctt>d  that  it  might  be  due  to  their  high  body  temi)erataire.  After 
innculatimi  he  phiuged  the  birds  into  a  cold  bath,  thus  reducing 
llii'ir  teiiijieraturc,  and  succeeded  in  destroying  their  immunity.  The 
experiment  was  a  success,  but  the  reasoning  seems  to  have  been  faulty, 
as  tho  sparrow,  whose  tem|>erature  is  etjually  high,  readily  falls  a  vic- 
tim tn  .•iiithrax  withiiut  a  cold  bath. 

In  various  specific,  fevers  the  temperature  cur\'e  is  interesting,  ris- 
ing stejulily  as  the  bacteria  grow  vigorously  until  a  maximum  is 
iiMcliril,  tlicii  falling  abruptly  at  the  same  time  that  the  activity  of 
tin-  uiicriMirganisuis  liegins  to  wane.  Whether  these  activities  cease 
lH='i'anse  the  high  ti'Uijterature  attained  is  ]irejmlicial  to  the  growth  of 
till*  liactoriaor  Itci'iuise  their  own  jiroducts  injure  the  bacteria  is  still 
a  (lupstioii ;  imtbalily  the  latter  view  is  the  correct  one. 

AllcriiKj  tlif  rlii'iifintri/  i>/  t/if  hkiiiil  by  changing  the  diet,  or  by 
hypodermic  injection.  Jjco  found  that  when  white  rabbits  were 
injected  with  |>liloiid/iii,  and  also  when  they  were  fed  with  phlo- 
ridziii,  an  artitii'ial  gl.vcosiivia  resulted  which  destroyed  their  natural 
resistance  to  anthrax.  Platnuia  succpeded  in  protluciug  anthrax  in 
<logs,  frogs,  and  ]»igeous,  naturally  immune,  by  subjecting  them  tn 
the  influence  of  curare,  chloral,  and  alcohol. 

I)iiiiiiiis/iiii<i  llir  StrriKjIh  of  fhf  AtiiiiiaL — Roger,  by  compelling 
white  vats  to  turn  a  revolving  wheel  until  exiiausted  destroyed  their 
immunity  to  anthrax. 

UfiiKiviiiii  the  Sjilirn. — Bardaoh  has  shown  bow  greatly  the  chance 
of  recovery  iruui  sp(>cific  diseases  is  lessened  by  the  removal  of  the 
spleen. 

Ciiiiihiiiiiiij  illjft'mil  n/iiric!<  uf  luu-ti-rlu,  either  of  which,  when  in- 
jected alone,  would  be  harmless  or  <  if  slight  eflfect.     Roger  found  that 
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when  ammals  inmmne  to  malignant  cede  ma  received  a  simultaneoas 
injection  of  1  or  2  c.c.  of  a  culture  of  bacillus  prodigiosus  and  the 
bacilloB  of  malignant  oedema,  they  would  contract  the  disease. 

Sometimes  an  apparent  immunity  depends  ujion  the  attenuation 
of  the  culture  used  for  inoculation,  and  the  erroneous  results  to  which 
such  a  mistake  would  lead  are  obvious.  Should  a  culture  become 
attenaatetl,  its  virulence  maj-  be  increased  by  inoculating  it  into  the 
most  susceptible  animals,  then  from  these  to  less  susceptible,  and 
from  these  to  an  immune  animal.  The  virulence  of  anthrax  is  iu- 
creaaed  by  inoculations  into  pigeons,  and  also  by  cultivation  in  an 
infusion  of  the  flesh  of  an  animal  similar  to  the  one  to  be  inoculated. 

It  must  be  understood  that  the  term  immunity  is  a  relative  one, 
and  that  while  a  white  rat  is  immune  against  anthrax  in  amounts 
sufficiently  large  to  kill  a  rabbit,  it  is  j>erhap3  not  immune  to  a  quan- 
tity sufficiently  large  to  kill  an  elephant. 

Theories  of  Iniinuiiity. 

It  is  not  to  be  expected  that  such  intricate  phenomena  as  these 
which  have  been  mentioned  could  be  observed  and  suffered  to  go 
unexplained.  Alas !  we  have  explanations,  but  they  are  a.s  intricate 
as  the  phenomena,  and,  though  each  may  possess  its  gniiu  of  truth, 
not  one  will  satisfy  the  demands  of  the  thoughtful  student.  la  brief 
review,  these  theories  are  the  following : 

The  Exhaustion  Theory. 

This  waa  advanced  by  Pasteur  in  1880,  and  teaches  that  by  its 
growth  in  the  body  the  microorganism  uses  up  some  substance  es- 
sential to  its  life,  and  that  when  this  substance  is  gone  the  microbe 
must  die.  The  removal  of  this  substance,  if  complete,  will  give 
permanent  immunity. 

In  his  "Manual  of  Bacteriology"  Sternberg  gives  a  very  just  criti- 
cism of  this  theory.  Were  it  true,  he  says,  we  must  have  within 
us  a  material  of  smallix>x,  of  measles,  of  scarlet  fever,  etc.,  each  of 
which  must  be  exhausted  l>y  its  appropriate  organism.  It  would 
necessitate  an  almost  inconceivably  complex  body  chemistry,  and  a 
rather  stable  condition  of  the  same. 

The  Retention  Theory. 

In  the  same  year  Chauveau  suggested  that  the  growth  of  the  liac- 

teria  in  the  body  might  originate  some  substance  prejuiiicial  to  their 

further  and  future  development.     There  seems  to  be  a  large  kernel 

of  truth  in  this,  but  were  it  always  the  case  we  should  have  added 
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to  our  blood  a  material  of  umallpox,  of  measles,  of  scarlet  fever,  etc., 
so  tLat  we  should  become  saturated  with  the  excrementitious  ]:irodacts 
of  the  bacteria,  instead  of  havioB  so  many  substances  subtracted  from 
our  chemistry. 

Phaoocytosis. 

In  1881  Carl  Roser  Buggested  a  relation  between  immnnitj'  and  the 
already  familiar  phenomenon  of  phagocytosis.  Sternberg  in  this 
country  and  Koch  in  Germany  observed  the  same  thing,  but  little 
real  attention  was  paitl  to  the  subject  until  1884,  when  Metchnitoff 
appeared  with  his  careful  observations  upon  the  daphnia,  as  the  great 
champion  of  what  ia  now  known  as  "  Metchuikoff's  Theory  of  Phago- 
cytosis." 

Phagocytosis  is  the  swallowing  or  incorporating  of  foreign  parti- 
cles by  certain  of  the  cells  which  are  called  phagocytes.  This  activ- 
ity of  the  c^ll.s  towards  inert  particles  had  been  observed  by  Virchow 
as  long  ago  as  1840,  aod  towards  living  bacteria  by  Koch  as  early  as 
1878,  but  was  not  carefully  studied  until  Metchnikoff  advanced  his 
theory  in  1884.  By  Metchnikoff,  the  phagocytes  are  divided  into 
fixed  phagocytes,  comprising  the  fixed  connective-tissue  cells,  endo- 
thelium, etc.,  and  the  free  phagocytes.  The  terms  phagocyte  and 
leucocyte  are  not  to  be  regarded  as  synonymous  in  this  connection. 
"  Of  the  leucocyte  there  are  several  varieties,  one  of  which  is  immo- 
bile, and  never  takes  up  bacteria.  This  is  the  lymphocyte,  character- 
ized by  its  small  size,  its  single  large  nucleus,  and  small  amount  of 
Hurrouuiling  ]irntn]i]ii8m.  The  two  remaining  phagocytic  forms  are, 
first,  the  large  unicellular  leucocyte,  whose  prominent  nucleus  is  at 
times  lolwid  or  reuiform,  which  stains  well  with  the  aniline  dyes,  and 
posaessns  much  protoplasm  and  active  amceboid  movements— the 
man-o/)ha(/rici/fe ;  and,  second,  the  micropkagocyte,  a  small  form,  also 
staining  well,  but  either  multiuuclear  or  with  one  nucleus  in  process 
of  breaking  u(). " 

It  is  obvious  that  only  those  cells  are  phagocytes  that  possess 
amoeboid  movement.  When  an  amo?ba,  in  a  liquid  containing  numer- 
ous diatoms  and  Viacteria,  is  watched  through  the  microscope,  an 
interesting  ]ihenomenon  is  observed.  The  amoeba  will  approach  one 
of  the  vpgetalile  cells,  eveu  though  it  may  he  at  a  distance,  will  appre- 
hend it,  and  witliiii  tlio  animal  cell  the  vegetable  cell  will  be  digested 
and  assimilated.  The  amceba  has  no  eyes,  no  nose,  no  volition,  and 
so  far  as  we  can  determine,  no  nen'ous  apparatus  which  gives  it  tac- 
tile Ht^usc;  yet  it  will  approach  the  particle  fitted  for  its  use  and  en- 
glohe  it.  The  attraction  which  draws  the  animal  cell  to  the  vegetable 
cell  in  this  illustration  ia  called  rhetnnfaxifi. 
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Cbemotaxis  is  the  exhibitiou  of  au  attractive  force  between  amoe 
boid  ceils  and  food  particles.  Tliis  attractive  force,  when  operatint 
so  as  to  draw  the  amceba  to  the  particle  it  will  use,  is  further  iiamec 
positive  cheiuotaxis,  in  order  to  diatinnuish  it  from  a  repulsive  fore* 
flometime8  exerted  (?),  causing  the  amoeboid  cells  to  fly  from  an  enemy 
as  it  were,  and  which  is  called  iivgafive  chemoiaxia. 

The  force  which  guides  and  operates  the  amceba  in  its  movement 
is  exactly  the  same  as  that  which  governs  the  movement  of  the  phago 
cytic  cells  of  the  human  body,  and  observation  of  these  phenomena  it 
not  diflicult.  If  a  small  capillar}'  tube  bo  filled  with  sweet  oil  ant 
placed  beneath  the  skin,  only  a  short  time  will  pass  before  it  will  bt 
found  full  of  leucocytes — positive  chemotaxis.  If,  instead  of  sweel 
oil,  oil  of  turpentine  be  used,  not  a  leucocyte  will  be  found— negative 
chemotaxis,  or,  more  correctly,  no  chemotaxis  at  all. 

Phagocytosis  is  almost  universal  in  the  microorganismal  diseases 
at  some  stage  or  other.  If  the  blood  of  a  patient  suffering  with  re- 
lapsing fever  be  studied  beneath  the  microscope,  it  will  be  found  tc 
contain  numerous  actively  moving  spirilla,  all  free  in  the  liciuid  por- 
tion of  the  blood.  As  soon  as  the  apyretic  stage  comes  on,  not  a  sin- 
gle free  spirillum  can  be  foxand.  All  of  them  are  seen  to  be  enclosed 
in  the  leucocytes. 

At  the  edge  of  an  erysipelatous  patch  a  most  active  warfai'e  is 
being  waged  between  the  streptococci  and  the  cells.  Near  the  centre 
of  the  patch  there  are  many  free  streptococci  and  a  few  cells.  Nearei 
the  margin  there  are  free  streptococci  and  also  a  great  many  strejito- 
cocci  enclosed  in  cells  (leucocytes)  which  are  for  the  most  part  dead. 
Further  out  we  find  hosts  of  active  living  cells  engaged  in  eating  up 
their  enemies  as  fast  aa  they  can.  The  phagocytosis  i>roves  that  at 
the  centre  the  bacteria  are  fortified,  actively  growing  and  vinilent.  In 
the  next  zone  the  leucocytes  that  have  feiisted  u]jou  the  bacteria  are 
poisoned  by  them.  Outside,  the  cells  which  are  more  powei'ful  and 
which  are  constantly  being  reinforced  are  waging  successful  warfare 
against  the  strei)tococci.  In  this  manner  the  battle  continues,  the 
cells  now  being  obliged  to  yield  to  the  bacteria,  and  the  patclj  spread- 
ing, while  the  cells  subsecjuently  reinforce  and  destroy  the  bacteria, 
so  that  the  disease  comes  to  a  termination.  Metclinikoff  introduced 
fragments  of  tissue  from  animals  dead  of  anthrax  under  the  .skiu  of  a 
frog,  and  found  them  surroiinded  and  penetrated  by  leucocytes  con- 
taining many  of  the  bacilli. 

Chances  of  error  exist  in  all  these  cases.  The  liacteria  may  have 
been  dead  before  the  cells  ingested  them,  and  the  digestion  and  destruc- 
tion that  has  gone  on  in  their  interior  may  have  l)eeu  the  digestion 
of  dead  bacteria.     In  the  relapsiug-fever  illustration,  the  exception 
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may  be  taken  that  the  apyrexia  may  have  marked  the  death  of  the 
spirilla,  which  were  taken  up  by  the  leucocytes  only  when  dead.  In 
the  erysipelas  illustration  the  streptococci  remote  from  the  centre  of 
the  lesion  may  have  met,  through  the  action  of  the  body  juices  or 
some  other  cause,  a  more  speed}'  death  than  that  from  the  digestive 
juices  of  the  leucocyte. 

Metchnikoff,  however,  showed  that  the  leucocytes  do  take  up  liv- 
ing pathogenic  organisms.  He  succeeded  in  isolating  two  leucocytes, 
each  containing  an  anthrax  spore.  These  he  conveyed  to  artificial 
culture  media,  and  watched.  The  new  environment  being  better 
adapted  for  the  growth  of  the  bacterium  than  for  the  leucocyte,  the 
latter  died,  and  the  spore  developed  into  a  healthy  bacilloB,  under  hia 
eyes,  showing  that  the  leucocytes  do  take  up  virulent  living  organ- 
isms. Seeing  that  the  animal  cells  do  take  up  bacteria,  and  seeing 
that  the  ama>b!©  can  ingest  and  tligest  threads  of  leptothrix  ten  times 
as  long  as  themselves,  we  need  only  put  two  and  two  together  to  see 
that  Metchuikoff's  theory  rests  upon  a  very  substantial  foundation. 
The  more  vii-ulent  the  bacteria  are  the  leas  ready  the  leucocytes  are 
to  seize  them.  The  more  immune  the  animal  is  the  greater  the  affin- 
ity of  tlie  leucocyte  for  the  bacteria. 

The  organisms  which  are  seized  upon  by  the  leucocytes  do  not 
remain  in  the  l)lood,  but  are  collected  in  the  spleen  and  lymphatic 
glands ;  and  not  the  least  important  fact  in  favor  of  phagocytosis  is 
that  observed  hy  Bardach,  that  excision  of  the  spleen  diminishes  the 
resistance  to  infectious  diseases. 

Quinine  also  furnishes  a  therapeutic  support  to  the  theory.  It  is 
known  that  quinine  iucreaaos  the  destniction  of  leucocytes.  Wood- 
head  inoculated  a  number  of  rabbits  with  anthrax,  giving  quinine  to 
some  of  them.  Those  that  ha4  received  the  drug  died  earliest,  a  fact 
lirobftlily  caused  by  the  destnictiou  of  part  of  the  phagocytic  armj'. 

Euffer  found  that  the  ]ihagocytes  exercise  a  distinct  selective  ten- 
dency between  various  kinds  of  organisms.  They  wiU  leave  the  bacil- 
lus of  tetanus  in  t)rder  to  seize  upon  the  bacillus  prodigies  us,  if 
simultaneously  introduced;  also  the  streptococci  in  diphtheria  for 
the  Klebs-Loefflpr  bacilli.  This  is  illustrated  in  the  diphtheritic 
membrane,  wliere  at  the  Hurfuco  one  can  see  leucocytes  taking  in 
numbers  of  the  bacilli,  but  leaving  the  streptococci  almost  untouched, 
with  the  itamediato  result  tliat  the  stroptoeocci  are  often  found  in  the 
deeper  [jartrt  of  the  membrane,  and  witii  the  remote  result  that  sec- 
ondary abscesses  occurring  in  the  course  of  diphtheria  are  never  due 
to  the  bacillus  of  diphtheria,  but  to  some  other  organism. 

lu  order  to  satisfy  seeiitical  minds  of  the  truth  of  the  destruction 
of  microorganisms  by  the  bacteria,  Metchnikofif  made  a  special  study 
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of  tuberculosis.  Observiug  tliat  it  seemed  true  of  all  bacteria,  that 
the  more  i>erfect  they  were  the  more  sudden  their  death  for  examina- 
tiou  yturposes,  aud  the  more  virulent  their  proiierties  the  more  bril- 
liautly  they  take  aniliue  dyes,  he  mafle  use  of  this  to  show  the  action 
of  the  cells  uijon  the  tubercle  bacillus.  A  species  of  marmot,  called 
the  Zieselmaus,  is  almost  perfectly  immune  to  tuberculosis,  aud  when 
a  culture  of  tubercle  bacilli  is  injected  into  it«  abdominal  canity  the 
bacilli  are  taken  up  by  the  epithelioid  cells,  and  later  ai>pear  enclosed 
in  giant  cells.  Metchnikoflf  shows  that  the  bacilli  in  the  epithelioid 
cells  and  those  few  lying  free  in  the  tissue  stain  well,  but  that  those 
■contained  in  the  giant  cells  are  surrounded  by  a  yellowish,  scarcely 
tingible  halo,  which  he  describes  as  a  cheesy  degeneration  of  the 
bacillus  caused  by  the  action  of  the  cell  juices  upon  it,  and  concludes 
from  this  that  the  giant  cells  of  tuberculosis  are  enormous  phago- 
cytes. This  is  an  extremely  interesting  and  important  contribution 
to  the  question  of  phagocytosis,  the  only  misfortune  being  the  fact 
that  Baumgarten  and  Weigert  were  unable  to  substantiate  it  in  their 
researches. 

Wyssokowitch  found  that  saprophytic  microorganisms  were 
•quickly  eliminated  from  the  blood  when  injected  into  the  circulation. 
This  elimination  was  not  by  excretion  by  organs,  nor  by  destruction  iu 
the  bloodstream,  but  by  the  collection  of  the  organisms  in  the  small 
capillaries  where  the  blood  stream  is  slow,  aud  where  tlie  uiitToorgan- 
isms  are  taken  up  by  the  endothelial  cells.  Wyssokowitch  found 
them  most  numerous  iu  the  liver,  spleen,  and  bone  marrow,  aud  foimd 
that  in  these  situations  they  were  destroyed  in  a  short  time,  the  sapro- 
phytic organisms  in  a  few  hours,  the  pathogenic  iu  from  twenty-four 
to  forty -eight  hours.  Living  spores  of  the  bacillus  subtilis  remained 
as  living  entities  in  the  spleen  for  three  mouths. 

The  Humoral  Theory. 

Some  new  observations,  however,  inaugurated  a  new  epoch  iu  re- 
search, and  a  new  theory  of  immunity.  It  was  observed  that  if  a  few 
anthrax  bacilli  were  introduced  into  a  few  drops  of  rabliit's  blood  thej- 
were  instantly  killetl.  Tliis  observation  was  one  of  iinineuse  in)i>ort- 
ance,  and  from  it  and  similar  observatiouH  Buchuer  deduced  the  prin- 
ciples of  his  theory,  that  the  destruetiou  oi  ]>athogouic  bacteria  in  the 
body  is  due  to  the  bactericidal  action  of  the  blood  iilasma,  not  to 
phagocytosis,  which  in  his  eyes  amounts  to  ij<ithiug  more  tlmu  the 
burial  of  the  dead  bacteria  "iu  cellular  charnel-houses."  The  ex- 
periments of  Buchuer  and  his  followers  have  shown  that  freshly 
dra^^'u  blood,  blood  plasma,  defibrinated  blood,  aqueous  humor,  etc., 
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posaesB  marked  destructive  inflaenee  upon  the  organisms  brongbt  iu 
contact  with  them,  a  proi)erty  which  ia  easilj'  destroyed  by  heat. 

The  apparent  paradox  of  rapid  multiplication  of  anthrax  bacilli 
in  the  rabbit's  blood,  enclosed  in  the  rabbit's  body,  and  the  reversed 
action  in  the  teat-tul>6  caused  immediate  and  prolonged  opposition. 
Each  side  of  the  controversy  seemed  to  be  well  supported.  The 
phagocytists,  however,  showed  that  bacteria  were  often  injured  and 
their  vegetative  powers  often  destroyed  by  sudden  changes  from  one 
culture  medium  to  another,  tliis  being  proved  by  Haffkine.  In  ex- 
perimenting with  aqueous  humor,  Metchnikoff  has  shown  that  ita 
germicidal  action  ia  largely  imaginary,  and  due  to  the  dispersion  of 
the  organisms  in  a  large  amount  of  watery  fluid.  When  the  micro- 
organisms are  introduced  into  it  iu  such  a  manner  as  to  remain  to- 
gether they  grow  well.  If  the  tube  be  shaken  they  die.  Again, 
Adami  has  shown  that  when  blood  is  shed  there  is  almost  always  a 
pronounced  destruction  of  corpuscles,  and  suggests  that  the  anti- 
biotic proijerty  of  the  shed  blood  maj'  be  due  to  a  solution  of  the 
substances  formerly  in  the  protoplasm  of  the  leucocytes. 

Wyssokowitch  surely  argued  against  a  humoral  germicide  just  as 
much  a.s  agaiimt  pha4;oeyti8m  when  lie  showed  that  spores  of  baciUos. 
Bubtilis  could  reside  in  the  apleen  for  three  months  uninjured. 

In  defending  their  theory,  the  hnmoraliats  exijerimented  by  plac- 
ing microorganisms,  enclosed  in  little  bags  of  pith,  collodion,  etc., 
Ijenoath  the  skin.  Thi^e  bags  would  allow  the  fluids  of  the  body  free 
access  to  the  bacteria,  Imt  would  shut  out  the  leucocytes.  By  thia 
means  Huei>])e  and  Liibarsch  have  repeatedly  seen  the  bacteria  grow 
well,  while  Baumgartcu  has  failed  to  find  this  the  case.  Such  experi- 
ments are  by  no  means  conclusive,  for  we  should  remember  that  th& 
necessary  operation  and  the  presence  of  the  foreign  body  in  which 
the  bacteria  are  encased  produce  an  inflammatory  transudate  which 
miiy  liave  very  different  i)roperties  from  the  normal  juice. 

How  much  of  the  immunity  wluch  animals  enjoy  dependa  upon 
the  bactericidal  action  of  their  body  juices  must  remain  anop>en  ques- 
tion. Certain  it  is  that  iu  some  ca-ses  the  germicidal  action  of  th» 
blood  is  uncpiestiouable. 

The  greatewt  8tumbliug-l>lock  iu  both  the  phagoc\tic  and  the 
humoral  theories  rdiiniiis  to  be  mentioned.  How  ia  acquired  im- 
munity to  be  expliiinedy  We  might  conceive  the  phagocytes  or  the^ 
blood  plasma  capalile  of  destroying  the  i>araait6a,  but  how  shall  thib 
make  clear  to  us  why,  after  au  attack  of  a  disease,  or  how,  after  pro- 
tective iuofuliitiou,  these  phagocytes  or  this  plasma  acquire  the  for- 
midaljle  antibiotic  iirojierties  which  will  in  the  future  protect  the 
individual  previously  susceptible  ?    Both  schools  attempt  a  fallaciou» 
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explanation  which  is  no  explanation  at  all.  The  phagocytists  tell  us 
that  after  the  microorganisms  have  been  met  and  defeated  by  the 
phagocytes,  these  cells  develop  a  peculiar  appetite  for  germs  of  this 
kind,  and  also  a  peculiar  tolerance  to  their  pathological  products. 
The  humoraliets  teach  us  that,  the  body  having  l>ecome  accustomed 
to  the  poison  produced  by  the  parasite,  the  latter  is  now  ta  it  only  a 
simple  ]>arasite,  easily  destroyed  by  its  juices.  Both  these  explaua- 
tiona  simply  assert  that  the  body  becomes  tolerant  and  resists  the 
inroads  of  the  germs,  nothing  more.  Probably  because  of  the  neces- 
sity for  a  satisfactory  explanation  of  the  above  phenomena,  a  new 
school  gradually  arose,  inculcating  the  doctrine  of 

Defensive  Peoteids. 

According  to  this  theory  the  metabolism  of  bacteria  gives  rise  not 
only  to  poisonous  substances  called  (oxiiis,  but  also  to  other  bu1>- 
stances  possessed  in  part  of  the  property  of  neutralizing  them,  called 
anfUoxhis.  The  most  extensive  refiearehes  iu  tbis  field  have  been 
made  by  Hankin,  who  found  in  the  bodies  of  immune  animals  pro- 
teid  substances  jmssessed  of  distinct  projverties  in  I'elatinu  tn  bacteria. 
These  substances  had  previously  been  pointed  out  by  Buclmer  as 
alexins,  but  Hankin  found  it  more  convenient  to  divide  these  com- 
pounds into  certain  groups,  as  follows :  Proteid  substances  which 
occur  naturally  iu  normal  animals,  and  are  possessed  of  the  power 
of  destroying  either  the  virulence  of  bacteria  or  their  products,  he 
calls  sozins.  Similar  proteid  substances  possessed  of  similar  pmp- 
ertiea,  but  occurring  in  animals  having  acijuired  immunity,  he  calls 
phylaxim.  Each  of  these  is  divided  into  two  classes,  so  that  a  sozin 
possessed  of  the  property  of  killing  bacteria  is  called  a  Mijrostizhi, 
while  a  aozin  which  neutralizes  bacterial  products  is  called  a  tuxo- 
aotin.  In  the  same  way  a  phylaxin  which  kills  bacteria  is  called  a 
■niycophylaxin,  while  one  that  neutralizes  their  jitomains  is  called  a 
ioxophylax'm. 

The  Klemperers  produced  immunity  against  pneumonia  which 
lasted  six  months  in  animals,  by  the  iujectiuu  of  filtered  cultures  of 
the  pneumococcus.  The}'  believe  "that  the  imiuuuity  depends  nu 
antitoxins,  built  up  in  the  tissues  under  the  stiniulatiou  of  t)ie  in- 
jected fluid;  not  that  tbis  antitoxin  was  injected  with  the  filtrate  of 
the  cultures." 

'WTiatever  these  immuuizing  substances  are,  it  sometimes  seems 
that  they  pass  into  the  secretions.  Ehrlich  injected  into  a  nursing 
mother-mouse  a  few  drops  of  blood  frf)Ui  a  horse  inimuiie  against  tet- 
anus, and  obser^'ed  that  the  baby-mice  became  immune  through  the 
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mother's  milk,  one  of  them  aurviviug  inoculatiou  from  a  splinter  that 
sufficed  to  kill  a  much  larger  mouse. 

The  application  of  the  knowledge  of  these  antitoxins,  however, 
does  not  always  bring  success  with  it,  and  a  great  disappointmeEt 
has  resulted  from  an  attempted  therapy  of  pneumonia  based  uijon  the 
suppoaitiou  that  the  crisis  in  this  disease  was  due  to  the  neutralization 
of  the  imeumotoxin  by  an  antitoxin,  and  that  consequently,  if  some  of 
the  blood  from  a  convalescent  patient  were  injected  into  one  in  the 
early  stage  of  the  disease,  crisis  should  result. 

A  great  attack  upon  the  toxin  and  antitoxin  theory  has  recently 
been  made  by  Charrin,  Gamaleia,  and  Selander,  whose  careful  inves- 
tigations show  that  the  toxins  are  so  little  attacked  by  antitoxins  in 
the  immune  animals  in  septicsemia,  caused  by  the  vibrio  Metclmi- 
kovii,  pyocyauic  disease,  and  hog  cholera,  in  the  rabbit,  that  the  same 
quantity  of  the  toxin  in  solution  suffices  to  kill  the  protectetl  animal 
as  OcULses  death  in  the  siisceptible.  This  shows  that  it  is  the  nucro- 
organism  itself  rather  than  its  products  which  the  animal  is  able  to 
resist,  and  again  brings  us  to  the  startiiyj-point  of  our  discussion, 
with  uo  other  iiositivo  knowledge  of  immunity  than  that  in  some 
way  iramuuo  animals  are  able  to  combat  and  destroy  virulent  bacteria, 
and  to  annul  the  influence  of  their  poisonous  products  (McFarlaud). 

Summary  of  Cheros. 

Choron  summarizes  the  theories  of  immunity'  as  follows:  Immu- 
nity, or  tlie  power  of  the  organism  to  defend  itself  against  an  infec- 
tion, may  1»  either  natural  or  acquired.  A  great  number  of  theories 
siuce  the  discovery  of  the  bacteria  have  lieen  suggested  to  explain  the 
mechanism.  Mau.v  have  only  an  historical  interest,  and  these  need 
not  detain  us;  three  are  actually  under  discussion,  and  should  be 
studied  iu  detail.  These  are  the  theories  of  phagocytosis,  of  the 
bactericidal  power  of  the  blood,  and  of  the  antitoxins. 

Phogon/tiiKis. — The  theory  of  phagocytosis  is  entirely  due  to 
Metchuikoff,  and  according  ia  him  is  about  as  follows:  Phagocytosis 
is  exerted  by  the  leucocytes  or  white  corpuscles  of  the  blood  or  lymph, 
of  which  he  has  made  out  several  varieties.  The  Ipnphocytes  are 
small  leucocytes  with  a  large  nucleus  surrounded  by  a  small  amount 
of  cell  protophusm;  thi\v  are  very  numerous  in  the  lymph,  and  pre- 
sent all  degrees  of  passing  to  the  larger  leucocytes  called  mononuclear 
Jeiicuri/les,  and  which  often  ]i;ive  a  kidney  f)r  bean-shaped  nucleus. 
The  losiiiojJiilic  Iciu-oq/lrti  of  Ehriicli  havea  lobated  nucleus,  and  their 
protoplasm  contains  large  gramUea  that  color  well  with  acid  aniline 
colors,  especially  eosin;   they  develop  from  the  bone  marrow.     The 
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most  numerous  leucocytes  are  those  which  may  be  called  polynuclear, 
for  the  reason  that  most  frequently  the  nucleus  is  divided  into  severul 
parts  by  extremely  fine  divisions ;  they  develop  in  the  blood  at  the 
expense  of  small  cells  furnished  by  different  oryans  (Ouskof). 

The  leucocytes  all  emit  protoplasmic  appendages  that  i>ermit  them 
to  move  about,  but  they  do  not  all  of  them  possess  the  power  of  en- 
globing  foreign  bodies,  that  is  to  say,  of  playing  the  role  of  the  phago- 
cyte. This  property'  belongs  only  to  the  mononuclear  and  neutro- 
philic cells,  and  permits  them  to  euglobe  the  bacteria  with  which 
they  may  find  themselves  in  contact.  These  bacteria  are  not  infre- 
quently englobed  in  the  living  condition.  It  is  in  this  way  that 
bacilli  of  anthrax  coutaiLed  in  the  leucocytes  of  a  pigeou  may  lie  seen 
to  push  their  way  out,  if  the  leucocytes  be  introduced  into  ilnids  that 
are  hurtful  to  their  \'itality.  But  the  leucocytes  do  not  englobe  all 
the  bacteria  with  which  they  come  in  contact,  they  exercise  a  choice. 
In  man,  for  example,  the  polynuclear  leucocytes  englube  the  strepto- 
coccus of  erysiiielas  and  the  gonococcus  that  are  not  absorbed  by  the 
mononuclear  leucocytes.  So,  too,  when  an  animal  is  very  BUflcei>tible 
to  a  bacterium,  ita  leucocytes  do  not  englobe  this  l)acterium. 

These  difi'erences  of  sensibilitj-  belong  to  what  Leber  has  called 
the  chemotaciic  sensibilify.  In  producing  a  keratitis  in  rabbits  witii  a 
body  extracted  from  the  Btaj)hylococcus  aureus,  this  author  saw  the 
leucrjcytes  attracted  from  a  distance  towards  the  point  of  inoculation, 
and  by  an  ingenious  arrangement  he  was  able  to  comi>el  them  to 
travel  against  the  force  of  gravity.  It  is  evidently  a  sort  of  chemical 
attraction  demonstrated  by  Massart  aud  Bordet,  who  saw  the  leuco- 
cytes of  the  frog  attracted  in  great  numbera  by  the  cultui'e  fluids  from 
difi'erent  bacteria,  principally  the  staphylococcus  pyogenes  albus. 
The  same  properties  have  been  observed  by  many  experimenters  iu 
the  leucocytes  of  warm-blooded  animals,  ami  it  is  jioHsible  to  look 
upon  the  chemotactic  property  as  a  general  one.  The  leucocytes  are 
attracted  a  long  distance  by  reason  of  this  property,  and  their  tactile 
sensibility  enaliles  them  to  englolje  the  bacteria,  which  are  then  at- 
tacked by  the  digestive  fluids  and  disappear.  It  is  thus  that  the 
anthrax  baciUi  in  the  leucocytes  of  t!ie  frog  can  at  first  Ijo  stained 
with  vesmiu,  aud  then  lose  their  affinity  for  the  coloring  matter; 
now  only  the  membrane  of  the  cell  can  be  seen,  and  finally  this  dis- 
appears in  its  turn.  Sometimes  when  these  leucocytes  cannot  kill 
the  bacteria  they  prevent  their  develcjpmeut,  aud  wIk'u  they  contain 
spores,  as  for  example  the  spores  of  anthrax,  these  may  retain  their 
vitality,  but  cannot  grow  in  the  ]>rotoj)laara  of  the  leucocyte.  But  if 
there  is  an  iu(X!ulation  of  bacteria  endowed  with  an  unusual  degree  of 
virulence,  the  leucocytes  do  not  move  towards  them,  and  there  occurs 
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a  "  negative  chemotaxiB. "  In  tlie  presence  of  such  bacteria  the  len- 
cocytea  remain  in  the  vessels,  and  do  not  exercise  their  protective 
properties. 

This  theory  of  phagocytosis  can  be  applied  to  the  explanation  of 
immunitj'  as  follows :  The  leucocytes  (and  probably  other  cells  oi  the 
mesoderm,  sach  as  those  of  the  endothelium  of  the  vessels)  are,  in  an 
animal  accustomed  to  the  vims,  or  that  has  been  through  a  primary 
infection,  accustomed  to  the  toxins  secreted  by  the  bacteria  in  ques- 
tion ;  if  then  a  new  infection  takes  place,  the  leucocytes  are  attracted 
in  great  numbers  by  a  positive  chemotaxis,  and  englobe  the  bacteria 
before  they  have  had  time  to  produce  sufficient  toxins  to  injure  the 
tissues  in  which  they  are  growing ;  the  chemotaxis  is  always  positive 
in  an  animal  natiirally  or  artificially  immune.  Furthermore,  the  cells 
transmit  their  properties  to  a  series  of  generations,  the  time  during 
which  these  properties  may  be  transmitted  varying  with  the  bac- 
terium, the  intensity  of  the  primary  infection,  and  the  individual 
idiosyncrasy.  In  fact,  immunity,  accoruing  to  the  theory  of  phago- 
cytosis, is  simply  the  accustoming  of  the  leucocytes  to  the  toxins. 

A  typical  experiment  in  favor  of  the  theory  is  as  follows :  Given  a 
normal  rabbit,  and  also  one  immunized  against  the  bacillus  pyocya- 
neus,  if  the  two  animals  be  inoculated  at  the  same  time  and  with  the 
same  amount  of  this  bacillus,  it  will  be  seen  that  in  the  imumne  ani- 
mal the  leucocytes  at  once  assemble  in  very  large  numbers,  while  in 
the  susceptible  animal  they  do  not  make  their  appearance  at  all. 
The  fact  of  this  exjieriment  is  indisputable,  but  it  does  not  seem  to 
1)6  of  as  much  value  as  has  Ijeen  attached  to  it,  nor  to  furnish  evidence 
that  i)hagocytosi8  is  constant. 

Sui)])OHe  five  immune  and  five  susceptible  rabbits  be  inoculated 
with  the  bacillus  pyocyaneus,  and  a  drop  of  the  cedematous  fluid  be 
taken  every  quarter  of  an  hour.  This  drop  is  diluted  with  10  c.c.  of 
distilled  water,  and  tli*-!!  a  single  drop  of  the  mixture  is  added  to5  c.c. 
of  gelatin,  and  jdatti  cultures  are  at  once  made.  Under  these  condi- 
tions, it  is  easy  to  see  that  the  colonies  from  the  susceptible  animals 
before  the  appearance  of  any  leucocytes  are  much  more  abundant  and 
richer  in  pinmeut  than  those  from  the  immune.  It  is  easy,  therefore, 
to  see  that  there  occurs  in  the  fluids  of  the  immune  animals  some 
modification  entirely  independent  of  the  presence  of  the  leucocytes. 

It  follows  from  this  experiment  that  the  theory  of  phagocytosis 
cannot  explain  all  the  jdienomena,  so  that  many  obsen'ers  have  put 
much  strfSH  n^xm  tht»  bavtericidjil  power  of  the  blood  serum. 

Hiiiiiiiriil  Tlii'nrij. — Grohmaun  was  the  first,  in  1884,  to  demonstrate 
that  if  bacteria  were  sowed  in  the  blood  serum  their  vitality  was 
diminished,  and  Fodor  made  the  same  demonstration.     Then  came 


THE0RIE8  OP  DCKUNITY.  219 

the  works  of  Nissea,  Nattall,  and  Flagge,  who  made  plain  the  degen- 
erations that  the  bacteria  undergo  in  the  blood  serum. 

It  is  not  possible  here  to  enumerate  all  that  has  been  done  towards 
proving  the  bactericidal  power  of  the  blood  serum,  but  only  to  make 
a  verj'  superficial  review.  It  ia  preferable,  therefore,  to  make  a  sim- 
ple reswn^  of  the  more  imjiortant  memoirs,  and  then  to  show  bow  it 
has  been  attempted  to  connect  the  bactericidal  property-  of  the  blood 
semm  with  the  conception  of  phagocytosis. 

Buchner  has  determined  that  blood  serum  exposed  to  a  temper- 
ature of  52'^  to  55°  C.  loses  entirely  not  only  its  bactericidal  property, 
but  its  globulocidal  property  in  contact  with  corpuscles  of  another 
species.  It  seems  probable  to  him  that  these  two  properties  are 
due  to  the  same  substance,  probably  a  proteid.  If  the  serum  of  the 
dog  or  the  rabbit  be  dilated  with  physiological  salt  solution  five  or 
ten  times,  it  hardly,  if  at  all,  loses  either  its  giobulicidal  or  its 
bactericidal  properties ;  but  if  the  salt  solution  be  replaced  by  dis- 
tilled water,  the  serum  loses  all  effect.  The  serum  thus  rendered 
inactive  regains  its  powers  if  chloride  of  sodium  be  added.  It  fol- 
lows that  the  mineral  salts  play  a  large  part  in  the  bactericidal  prop- 
erties of  the  serum,  without  being  actually-  concerned  in  the  pro- 
duction of  these  proi)erties  themselves,  as  the  exjieriment  shows, 
Bepeated  exiwriments  showed  to  Bucbner  that  it  is  the  alkaline  salts 
that  seem  to  have  a  sort  of  preservative  power  in  the  active  sub- 
stances of  the  8enim,.and  that  they  have  an  analogous  action  to  the 
red  globules;  this  author  also  admits  that  by  analogj-  the  active  sub- 
stance is  an  albuminoid  Inady,  complex  in  its  nature,  which  lie  calls 
alexin  ;  there  may  be  several  alexins. 

In  1891  Pane  said  that  it  was  the  alkalinity  of  the  medium  that 
was  the  cause  of  the  bactericidal  power  of  the  .^erum.  Ogata  thought 
he  had  succeeded  in  preparing  a  glycerin  extract  containing  the  Imc- 
tericidal  substance  of  the  serum,  but  his  results  were  contradicted  by 
Petennann. 

According  to  Christmas,  the  bactericidal  intiuence  of  the  serum 
itself  may  be  very  feeble,  while  the  albuminoid  substauce  in  aque- 
ous solution  is  exceedingh'  active;  otherwise,  according  to  him, 
the  albuminoid  substances  of  the  organs  iu  solution  Ijehave  in  the 
same  way.  In  the  two  cases  there  would  be  perhaps  diflSculty  of 
assimilation  bj'  the  bacteria  rather  than  bactericidal  iiowor.  But 
Hankin  has  isolated  from  the  Hj)lceu  of  the  rabbit  aud  the  rat  what 
he  calls  defensive  globulins.  In  operating  ujifm  animals  rendered 
refract«ry  to  anthrax,  Christmas  was  alile  to  obtain  a  watfry  extract 
of  albumin,  which  not  only  did  not  furnish  a  favorable  culture  me- 
dium for  the  development  of  the  anthrax  bacillus,  but  even,  when  nu- 
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trienfc  material  was  added,  actually  opposed  its  development.  These 
•esperimeats  are  important  for  the  explanation  of  the  occtureDoe  of 
immunitj-.  Charrin  and  Eoger  already  determined  that  the  anthrax 
bacillus  developed  with  difficulty  in  the  inert  flesh  of  mice,  and  that 
the  aerum  of  the  guinea-pig  immunized  {4{ainst  symptomatic  anthrax 
acquired  ^,'ermicidal  properties. 

Nevertheless,  Sanarelli  saw  that  these  bacteria  developed  well  in 
the  serum  of  vaccinated  animals,  and  even  acquired  there  a  greater 
virulence;  in  inoculating  them,  the  cellular  activity  was  stimulated, 
and  the  leucocytes  entered  into  action  with  enei^j^  to  destroy  these 
bacteria.  If  the  bodies  were  cooled  (after  the  method  of  Pasteur  for 
rendering  chickens  susceptible  to  symptomatic  anthrax)  the  phago- 
cytes were  paralyzed,  and  infection  occurred. 

These  researches  bring  us  again  to  the  theory  of  ph^ocytosis. 
It  is  the  same  with  those  carried  on  by  Lubarsch,  Buchner,  Nissen, 
and  Hankin,  of  which  the  principal  results  are  the  following:  The 
destruction  of  the  bacteria  is  much  more  active  and  intense  in  the 
seram  outside  of  the  body  than  within  the  vessels;  if  the  cells  be 
allowed  to  settle  and  the  blood  be  defibrinated,  the  bactericidal  prop- 
erty is  found  in  the  deposit,  and  not  in  the  sermu;  when  the  leuco- 
cytes romiiiu  intact  outside  of  the  body,  the  serum  is  not  bactericidal,  it 
becomes  so  only  when  the  leucocytes  are  destroyed.  From  all  which 
is  to  be  coueluiled  that  the  phagocytes  destroy  the  bacteria  by  digest- 
ing them,  and  that  the  feeble  bactericidal  power  of  the  living  semm 
is  the  result  of  the  destruction  of  some  of  the  leucocytes  in  the  body. 

Aiiiidixin  Tlu-Dfif. — There  remains  the  theory  of  the  antitoxins, 
rejuveuatiug  the  ancient  theory  of  Chauveau. 

Behring  and  Kitasato,  Brieger,  Tizzoni  and  Cattani,  Roox  and 
Vaillard,  are  especially  the  jiromoters  of  tliis  new  theory,  which  thus 
far  seems  to  be  iuajjplicable  to  any  disease  but  diphtheria  and 
tetiiiius. 

The  following  are  tlie  jn-iucipal  experiments  that  t«nd  to  demon- 
strate' the  presence  of  an  autitosie  substance  in  the  blood  of  animals 
vacL'iuated  against,  or  refractory  to  tetanas. 

When  the  blood  of  a  inoune,  guinea-pig,  or  rabbit  (first  immunized 
against  diplitheria  or  t*"t)Uins)  is  dp]>rived  of  its  cellular  elements,  the 
serum  imuiunize.s  against  diphtheria  or  tetanus;  the  tetanus  toxiua 
may  !«?  nciitralized  either  liy  mixing  them  with  btxlies  that  do  not 
exist  in  the  animals,  such  as  trichloride  of  iodine,  or  with  cellular 
products,  such  ji.s  \vat(-ry  extra4:"t.s  of  the  thymus  gland ;  the  mixture 
of  an  io<lizpd  solution  with  the  totauns  toxins  produces  au  immuniz- 
ing fluid  that  iujoi'led  into  animals  jiroducea  immunity  in  them;  the 
serum  of  immunized  animals  destroys  in  the  test-tube  a  certain  qoan- 
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tity  of  tetaDua  toxins ;  the  antitoxiii  can  be  isolated  in  the  form  of  & 
white  powder ;  this  powder  loses  all  action  when  it  is  heated  to  68"  C. 
for  one  hour,  does  not  dialyze,  is  precipitated  by  absolute  alcohol 
(Tizzoni  and  Cattani) ;  it  is  also  possible  to  prepare  a  preventive  and 
curative  serum  of  diphtheria  that  will  neutralize  the  diphtheritic 
toxins. 

Applying  theae  results  to  the  explanation  of  immunitj',  they  lead 
ns  to  admit  that  there  exists  in  the  blood  of  animals  that  have  under- 
gone a  primary  infection  or  vaccination  a  substance  that  destroys  or 
annihilates  the  bacterial  toxins. 

This  new  theory  is  not  unassailable.  Behring  and  Schultz  have 
shown  that  while  the  immunity  to  tetanus  persists,  the  amount  of 
antitoxin  in  the  body  diminishes,  and  tliat  the  animal  may  remain 
refractorj-  while  its  blood  furnishes  no  antitoxic  serum.  On  the  other 
band,  it  is  known  that  the  antitoxic  serums  confer  most  often  merely 
a  temporary  immunity  because  of  the  elimination  of  the  antitoxin  by 
the  urine. 

Finally,  Buchner  has  demonstrated  that  a  prolonged  contact  of 
the  tetanus  toxin  with  the  antitoxin  does  not  destroy  the  first,  and 
to  him  it  appears  that  these  two  substances  are  not  autagonistic  ex- 
cept so  far  as  that  the  latter,  the  antitoxin,  deprives  the  tissues,  the 
cellular  territories,  of  their  receptivity  for  the  toxin,  the  poison  of 
tetanus.  Tizzoni  and  Cattani  admit  this  interi)retation,  and  think 
also  that  the  antitoxin  of  tetanus  does  not  destroy  the  poison,  but 
preserves  the  body  from  its  effect. 

Tlieory  of  Bouchard  and  CJiannn.^A&  regards  the  acceptation  of 
these  various  theories,  Bouchard  and  Charriu  are  eclectic.  The  im- 
pregnation of  the  organism  by  the  toxins  modifies  the  constitution ; 
one  of  the  consequences  of  this  modification  consists  in  the  formation 
by  the  cells  of  the  body  of  bactericidal  elements.  ^\'heu  the  bacte- 
rium penetrates  anew  into  the  body,  these  elements  weaken  it,  it  does 
not  produce  its  entire  secretions,  or  if  it  does,  it  does  not  [iroduce 
them  in  the  usual  quantities ;  among  those  that  are  aljseut  are  some 
that  contract  the  capillaries,  and  these  being  absent,  the  vessels  dilate. 
Therefore  the  leucocytes  pass  out  freely,  the  phagocytes  collect,  and 
the  destruction  of  the  bacteria  begins,  all  the  more  easily  that  the 
number  of  the  latter  has  been  unfa\'orably  influenced  by  the  unfavor- 
able medium  in  which  they  have  been  deveto[)ing.  In  an  uui>rott^fted 
subject  these  bactericidal  substances  do  not  exist,  the  baL-teria  de- 
velop unrestrained  and  produce  their  difi'erent  compounds,  among 
them  those  that  prevent  the  arrival  of  the  defenders  (phagocytes). 

This  theory  admits  aa  demonstrated  the  action  of  certain  toxins 
on  the  vasomotors,  an  action  that  the  experiments  of  Metchuikoff  and 
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of  Stiiiarelli  make  only  slightJy  probable ;  it  does  cot  take  accottut  of 
the  apparent  passage  in  the  blood  of  substauues  contained  in  the  len- 
eocjtes;  it  is  supported  by  alleged  facta  (uttennation  of  parasites 
enclosed  in  sacs  permeable  to  fluids  only )  whose  inexactness  is  already 
demonstrated.  The  French  believe  that  in  the  actual  condition  of 
science,  and  leaving  aside  the  theory  of  the  antitoxins  already  com- 
bated, Metchnikoff's  theory  of  phagocytosis  fits  in  best  with  the  great 
majority  of  facts. 

Chauveau's  Theoby. 

Chanvean's  theory  of  immunity  is  of  interest,  at  any  rate  histori- 
cally, and  is  as  follows :   He  says  that  he  has  Ijeen  occupied  for  a 
long  time  with  this  important  question.     The  work  that  has  been 
already  done  is  well  kuoisTi.     It  is  known  how  he  sought  to  explain 
the  creation  of  awiuired  immimiti',  that  it  is  the  resistance  of  the 
organism  to  the  infectious  bacteria  after  they  have  oncfl  grown  in  it, 
this  resistance  l)eiDg  the  result  of  the  impregnation  of  the  different 
organic  media  by  the  soluble  poison  or  other  residual  soluble  mate- 
rial, the  result  of  the  first  growth  of  the  bacteria.     The  demonstra- 
tion of  this  mechanism  rests  upon  two  principal  facts :  1.  The  aggra- 
vation or  the  attenuation  of  the  effects  produced  by  certain  infectious 
agents,  aecortling  as  they  are  inoculated  in  large  or  small  quantities, 
and  thus  preseuteil  under  more  or  less  favorable  conditions  to  over- 
come tlie  resistance  of  tjie  organism.     2.  The  constant  api>earance  of 
acquired  immunity  in  the  young  of  others  inoculated  in  the  last  few 
weeks  of  gestation  with  the  blood  of  the  spleen,  these  mothers  belong- 
ing to  a  species  in  which  is  very  seldom  observeil  the  passage  of 
bacilli  from  the  blood  of  the  mother  to  that  of  the  foetus. 

His  experiments  on  the  influence  of  the  number  of  the  bacilli  were 
made  principally  with  the  \irus  of  anthrax  blood  of  the  spleen.  He 
demonstrated  that  this  virus,  inoculated  in  a  very  strong  condition  in 
sheep,  that  were  endowed  with  a  natural  immunity  or  had  been  ren- 
dered more  or  less  refractory  by  preventive  inoculations,  has  a  much 
kter  chance  of  infecting  aud  destroying  these  animals  when  the 
>'  is  large,  than  if  it  is  introduced  in  a  very  small  quantity. 
I  theory  has  been  strengthened  hy  the  result  of  experiments 
)ther  viruses,  those  of  symptomatic  anthrax  and  of  gangren- 
\ic(omw. 

"«e  experiments  that  an  infectious  bacterium 

;ti plied  iu  its  culture  medium  and  thus  ren- 

jud  culture,  has  i)roduced  tliis  result,  not  by 

n\  by  taking  away  from  it  all  the  substances 

jpment  of  the  bacterium,  but  by  leaving  in  it 
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liurtful  Bubstancea,  ptomaius  or  other  soluble  sabBtauces,  that  im- 
pregnate tliis  culture  metliTim,  and  make  it  undergo  certain  unknown 
modilicatious  that  result  in  its  more  or  lean  complete  sterilization. 

To-day  these  experiments  are  not  contested  (according  to  Chau- 
veau)  and  the  doctrinal  results  flowing  from  them  are  accepted. 

Bnt  the  experiments  on  lambs  that  ac^iuire  au  immunity  in  the 
mother's  womb  should  be  spoken  of.  Chauveau  always  attached 
much  imfHsrtance  to  them,  for  they  furnish  a  direct  demonstration  of 
the  mechanism  of  immunity.  The  governing  idea  in  these  exjjeri- 
ments  is  very  simple.  In  the  cases  of  acquired  immunitj',  the  organ- 
isms that  have  become  more  or  less  refractory  as  the  result  of  pre- 
ventive inoculations  have  been  subjected  to  the  simultaneous  action 
of  the  living  bacteria  and  of  the  soluble  protlucts  that  they  produce. 
The  idea  suggests  itself  that,  if  it  were  possible  to  confer  immunity 
against  anthrax  in  an  organism  into  which  it  would  be  imposHible 
for  anything  but  these  soluble  products  to  penetrate,  the  demonstra- 
tion of  the  mechanism  of  immunitj'  would  leave  nothing  to  be  desired. 
Now  according  to  the  experiments  of  Brauell,  in  pregnant  sheep 
attacked  hy  anthrax  the  bacilli  flourish  in  the  blotxl  of  the  mother, 
but  do  not  pass  into  the  blood  of  the  foetus.  The  jilaceuta  interce])ts 
them,  as  it  does  the  other  formed  elements.  It  is  only  the  soluble 
materials  in  the  blood  that  are  able  to  pass  through  the  placenta, 
invatle  the  fluids,  and  impregnate  the  tissues  of  the  foetus.  If,  then, 
these  fltiids  and  these  tissues  become  refractory  to  the  development 
of  the  anthrax  bacilli,  it  must  be  admitted  that  this  acquired  resist- 
ance is  due  to  the  action  of  the  soluble  materials  tliat  are  passed  from 
the  blood  of  the  mother  to  that  of  the  young.  Experiments  have 
demonstrated  that  this  is  so.  It  has  been  demonstrated  by  Chau- 
veau's  exj>eriment8  that  the  lambs  bom  of  mothers  inoculated  with 
anthrax  during  gestation  become  every  one  more  or  less  refi'actory 
to  the  action  of  the  anthrax  virus.  The  sought-for  direct  proof  haa 
therefore  been  found.  It  is  true  that  its  value  has  liecn  disjiuted,  but 
this  is  Iwcause  the  critics  have  not  taken  account  of  the  wholly  siie- 
cial  conditions  in  which  his  experiments  were  made;  the  author 
thinks  that  he  may  also  lie  a  little  to  blame.  As  he  could  not  im- 
agine that  any  one  would  apply  to  these  experiments  the  conclu-sions 

1. .  I  ^jj  others  made  under  entirely  different  conditions,  he  did  not 

t  necessary  to  support  his  own  conclusions,  that  appeared  to 

be  absolutely  unassailable,  by  giving  circumstantial  details 

5  the  manner  in  which  the  researches  were  conducted,  and 

-cautions  by  which  they  were  surrounded;   but  the  time  has 

en  he  thinks  a  few  words  must  be  said  upon  the  subject. 

iperiments  be^an  in  the  middle  of  the  year  1879,  and  were 
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continued  without  interruption  until  the  end  of  the  year  1886.  The 
explanation  offered  by  him  for  the  occurrence  of  acquired  immunity 
was  published  in  1880  after  hia  first  experiments.  All  the  later  ones 
ha>ing  confirmed  these  in  a  most  striking  manner,  he  has  since 
1884  maintained  the  absolute  exactness  of  the  facts  published  more 
thau  four  years  before,  and  that  prove  the  establishment  of  immunitj 
by  the  action  of  soluble  substances  taken  by  the  young  from  the 
mother  during  foetal  life.  He  reiterated  this  assertion  in  1887,  and 
it  now  remained  for  him  to  demonstrate  that  the  assertion  is  fully 
substantiated. 

The  proofs  accumulated  during  these  seven  years  contain  a  con- 
siderable umnber  of  experiments  of  which  at  least  forty  have  been 
concerned  with  the  vaccination  of  sheep  in  utero  against  anthrax. 
They  were  made  under  the  following  conditions :  Those  of  1879, 1880, 
1881,  almost  exclusively  made  u{>on  Algerian  pregnant  sheep,  were 
confined  to  the  special  study  for  which  they  were  made.  The  others, 
dating  from  1882  to  1886,  might  be  said  to  have  Ijeen  made  incident- 
ally, being  in  the  course  of  experiments  for  an  entirely  different 
object.  Native  sheep  were  at  that  time  constantly  kept  in  the  labora- 
tory for  the  purpose  of  studying  anthrax  virus  attenuated  by  different 
methods.  A  good  many  of  these  animals  were  in  the  last  weeks  of 
gestation;  they  underwent,  like  the  othera,  the  preventive  inocula- 
tions, often  rei)eated,  and  always  followed  by  the  injection  of  the 
strong  virus.  Some  of  them  died  of  anthrax,  but  the  larger  number 
escaped  and  gave  birth  to  perfectly  formed  young;  there  were  but 
two  abortions  recorded. 

In  order  to  determine  how  the  lambs  bom  of  mothers  inocolated 
in  this  way  acted,  it  was  necessary  to  study  how  lambs  bom  under 
normal  conditions  behaved.  If  the  young  belonged  to  the  native 
ritces,  it  was  demonstrated  that  they  were  even  more  susceptible  than 
the  adults,  and  almost  all  died  with  unusual  rapiditj' ;  those  coming 
from  Alj^'eriau  mothers  behaved  almost  as  the  adults.  There  were 
some  that  Hucoumbed,  but  these  were  in  a  very  small  minority,  much 
the  larger  uiunber  showed  evident  traces  of  disease,  and  finally  there 
were  a  few  that  did  not  ap]>ear  to  be  in  the  least  diseased.  But  in 
the  latter,  jxs  iu  all  the  others,  infection  was  manifest  by  signs  that 
were  never  wanting ;  although  they  might  bo  very  alight  these  were  a 
general  sign,  the  olevation  of  the  temperature,  and  a  local  sign,  the 
tumefactif)u  of  the  lymph  glands  nearest  to  the  point  of  inoculation. 
As  tho  inoculations  were  always  made  iu  the  ear  by  subepidermic  or 
sulK'utaupous  injection,  it  was  always  the  parotid  or  prescapular 
gland-i  that  were  affected  iu  these  experiments. 

This  is  what  happened  so  far  as  the  intra-uterine  acquisition  of 
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immanitr  is  concerneil.  AU  the  lambs  bom  of  Algerian  mothers 
escaped  infection;  not  one  died,  not  one  had  any  disturbance,  not  one 
presented  any  elevation  of  temperature  or  tumefaction  of  the  glands. 
Most  of  them,  it  ia  true,  experienced  flofting  distiirbaneos  more  or 
less  severe ;  but  in  this  they  behaved  as  did  the  adults  that  were  sub- 
jected to  the  preventive  inoculation,  and  then  to  the  strong  virus. 

As  stated  above,  the  number  of  lambs  tested  in  this  way  was  forty 
at  the  least;  the  exact  number  cannut  be  given,  because  the  phenom- 
ena were  so  absolutely  exact  and  regular  that  a  complete  record  was 
not  kept  towards  the  end ;  it  is  in  fact  astonishing  that  not  a  single 
case  of  death  occurred  upon  the  use  of  the  strong  '^^m8 ;  the  same 
success  does  not  attend  the  inoculation  of  adults  which  have  been  vac- 
cinated. There  certainly  might  have  been  some  cases  of  death  among 
the  animals  without  the  imjiortance  of  the  facts  beiug  diminished,  but 
tliis  accident  did  not  occur  once.  Thus  we  see  that  all  the  lambs  boru 
of  mothera  inoculated  against  anthrax  during  the  last  weeks  of  gesta- 
tion acquired  immunity  by  tlie  passage  of  soluble  substauees  manu- 
factured in  the  blood  of  the  mother  and  passing  into  the  foetus. 
I'nqnestionably  this  is  so,  if  it  be  true  that  the  bacilli  do  not  jjass  at 
all,  or  only  exceptionally,  into  the  blood  of  the  ftt'tus. 

Upon  beginning  the  experiments,  there  seemed  to  be  no  doubt 
that  the  dictum  of  Brauell  and  Davaine  was  true  that  the  bauilli  do 
not  pass  through  the  placenta ;  this  dejiending  upon  the  fact  that  the 
blood  of  a  mother  dead  of  anthrax  invariably  commuuicated  the  dis- 
ease, while  the  blood  of  the  fcetus  did  not.  The  esperiineiits  of 
Toussaint,  iu  which  he  succeeded  in  vaccinating  sheep  with  blood  in 
which  he  thought  he  had  destroyed  all  the  bacteria  by  heat  were 
those  that  attracted  attention  to  this  jioint.  Although  the  results 
seemed  to  depeud  upon  the  production  of  a  solulile  product  that 
acted  as  a  vaccination  material,  the  quantity  used  was  too  small  to 
permit  them  to  be  explained  except  upon  the  supposition  of  repro- 
duction, and  this  was  only  to  be  obtained  as  the  residt  of  bacterial 
life.  Toussaint  ijersisted,  however,  until  a  new  objection  was  oflFered, 
that  iu  certain  cases  there  might  be  oTafic  bacilli  which,  iu  the  cases 
iu  which  he  used  the  blood  of  the  foetus,  might  have  passed  through 
the  placenta,  and  might  thus  have  been  active  iu  the  production  of 
the  resulting  immunity.  But  success  never  attended  the  attempt  to 
demonstrate  the  presence  of  the  bacilli  iu  the  blood  of  the  young  of 
sheep  dead  of  anthrax. 

Finally,  we  know  of  infectious  diseases  that,  in  the  pregnant 
sheep,  they  are  transmitted  with  the  greatest  ease  to  the  fcstus  with 
all  their  pathologico-anatomical  characteristics — for  example,  symp- 
tomatic anthrax.  On  the  other  hand,  has  any  one  ever  observed  the 
Vol.  Xin.-15 
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lesions  of  ordinary  anthrax  in  the  young  of  mothers  (sheep)  dead  of 
this  disease?  So  far  as  Chauveau's  experiments  are  concerned,  it 
was  never  seen  even  in  cases  in  which  the  heart's  blood  of  the  foetns 
was  found  to  be  virulent.  It  is  known  that  the  principal  lesion  is  in 
the  spleen,  whence  its  name,  "splenic  fever;"  on  the  other  hand,  in 
all  the  numerous  exjwriments  that  Chauveau  made,  there  was  never 
seen  the  slightest  alteration  of  the  spleen  of  the  foetus,  this  organ  wag 
absolutely  healthy.  The  same  could  be  said  in  regard  to  all  the  other 
organs,  especially  of  the  lymphatic  glands;  it  is  therefore  an  exag- 
geration tn  pretend  that  the  foetiis  can  contract  anthrax  in  the  abdo- 
men of  the  mother,  it  does  not  even  contract  the  rudimentary  disease 
that  makes  its  appearance  in  the  animals  subjected  to  vaccinating 
experiments,  and  that  are  living  an  independent  existence.  So  that 
Chauveau  was  forced  to  the  conclusion  that  the  rare  infectious  agents 
that  occasionally  make  the  blocxl  of  the  foetus  virulent  are  erratic  bac- 
teria that  always  come  from  the  mother,  and  that  are  not  capable,  or 
very  slightly  no,  of  multiplying  in  tlie  young.  Indeed,  it  is  not  im- 
possible that  the  latter  may  have  been  affected  by  the  vaccinating 
material  received  from  the  other  before  the  multiplication  of  the  bac- 
teria, that  is  always  late,  had  made  sufficient  advances  to  permit  the 
penetration  of  tlie  placenta. 

The  conclusion  of  all  this  is  that  the  immunity  acquired  by  the 
lambs  in  utero  is  due  to  the  presence  of  a  soluble  vaccinal  material 
derived  from  the  mother. 

C.  Fraenkel  and  Sobemheim  reach  the  following  conclusions :  So 
far  as  artificial  immuuitj-  is  concerned  with  resjieet  to  artificial  labora- 
tory cholera  in  guinea-]iigs,  primary  immunity,  produced  by  the  in- 
eori>cjration  of  heated  fluids  of  bacterial  origin,  is  caused  by  the 
aetitm  of  certain  bacterial  proteid  substances;  it  depends  on  the 
"  reactive"  capabilities  of  the  cells  of  the  animal  concerned,  and 
makes  itself  known  in  the  increased  germicidal  powers  of  the  organ- 
ism. This  changed  condition,  this  peculiar  state  of  "  irritabiltj*" 
may  continue  even  when  the  influences  thereto,  that  is  to  say  the 
bacterial  products,  have  been  removed  from  tlie  body  either  natiirally 
or  by  artificial  means.  In  this  way  may  be  explained  the  persistence 
of  immunity  even  after  complete  renovation  of  the  blood.  The  im- 
luuaity  brought  about  by  the  introduction  of  senim  into  the  system 
depends  upon  two  different  processes.  In  the  first  place,  we  have 
the  implantation  of  certain  fjualities  of  bactericidal  substances;  this 
is  Ehrlich's  passive,  or  Behriug's  antitoxin  immunity.  But  with  the 
serum  there  are  also  introduced  other  substances  which  act  as  spe- 
cific stimulants  to  the  cells,  causing  the  latter  to  produce  substances 
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poaaeBsii^  immnnizliig  \'irtues.     The  inrmimitj  of  serum  origin  is 
Oilis  both  active  and  passive. 

Bnchner  says  that  in  connection  with  the  exact  causes  of  immu- 
nity the  great  ilifference  between  natural  and  acijuired  immunity  has 
I>een  definitely  established.  Natural  immunity  seems  to  be  brought 
about  by  the  bactericiilal  action  of  a  protective  substance  or  alexin  in 
the  blood  serum.  This  alexiu  differs  from  the  antitoxin  found  in  the 
serum  of  animals  artificially-  made  immune.  Alexin  acts  upon  the 
bacteria  and  also  upon  the  red  cells  and  even  leucocytes  belonging  to 
animals  of  other  species,  while  such  bactericidal  and  globulicidal 
action  is  not  possessed  by  antitoxin.  Alexin  is  most  easily  decom- 
posed, whereas  antitoxin  is  a  stable  body.  The  effects  of  antitoxin 
are  the  same,  whether  coming  from  one  animal  or  another,  and  only 
depend  upon  the  degree  of  acquired  immunity  possessed  by  the  ani- 
mal. The  author  contends  that  the  serum  of  animals  made  immune 
contains  both  alexin  and  antitoxin.  Thus  a  body  can  be  extracted 
from  the  serum  of  an  animal  made  immune  and  can  be  transferred 
to  another.  There  are  two  explanations  with  regard  to  this  botly, 
namely,  that  it  is  a  reactive  product  on  the  part  of  the  tissues,  or 
that  it  is  a  modified  product  of  the  bacterial  cell.  Tlie  chief  point, 
however,  is  that  the  living  bmly  is  necessarj'  for  the  production  of 
this  antagonism  of  the  antitoxin  against  the  disease.  The  author 
would  limit  the  term  immunity  to  the  ac(juired  form,  and  thus  speak 
of  specific  immunity,  including  the  immunity  against  the  bacterial 
poi.son,  and  of  natural  resistance.  The  action  of  tuberculin  does  not 
lie  in  producing  any  specific  immunity,  but  in  coufemug  an  increased 
natural  resistance.  In  this  respect,  Buchner  refers  to  the  researches 
of  Huepi>e  in  relation  tfj  cholera,  and  those  of  Fraenkel  ami  Rumpf 
in  relation  to  the  treatment  of  enteric  fever  by  killed  cultures.  The 
author  maintains  that  efforts  are  being  mmle  in  the  direction  of  pro- 
tection against  disease  by  increasing  the  natural  resistjince.  He  then 
quotes  an  experiment  in  which  steriHzed  wheateu  gum  was  introduced 
into  the  peritoneal  cavity  of  a  large  rabbit.  After  it  was  killed,  the 
gum  was  found  filled  with  leucocytes,  ami  possessed  of  marked  bac- 
tericidal powers  against  the  bacillus  coli  communis.  The  leucocytes 
were  destroyed  by  freezing,  and  yet  the  bactericidal  powers  remained. 
These  powers  were  soon  ilestroyed  by  heat.  The  author  wonld  attrib- 
ute these  powers  to  the  jiresence  of  alexin,  probably  derived  from  the 
leucocytes.  He  looks  upon  the  blood  as  the  great  antiseptic  and  dis- 
infectant of  the  body,  and  draws  attention  to  the  importance  of  the 
study  of  this  fluid  in  diseased  conditions. 
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The  Defensive  Froteids. 

The  following  ia  the  summary  of  Gamaleia  concerning  the  defen- 
sive proteida:  If  scientific  evolution  consists  in  replacing  confused 
and  complex  ideas  by  simple  and  precise  ones,  this  theory  of  immu- 
nity forma  a  real  progress.  For  the  somewhat  mystical  hypotheses  of 
the  capricious  activity  of  the  leucocytes  and  the  reactive  power  of  the 
tissues,  which  tend  to  take  possession  of  experimental  pathology,  it 
sulistitutes  the  extremely  simple  theory  that  immunity  is  due  to  anti- 
sepsis, and  that  the  bacteria  are  destroyed  in  the  animal  body  by 
easily  isolated  disinfecting  substances  acting  in  the  chemist's  glass 
as  in  the  animal  economy,  in  a  word  belonging  to  a  class  of  bodies 
already  well  understood,  the  germicides. 

It  is  a  long  time  since  the  idea  that  immunity  might  be  due  to  a 
"  i)reventive"  substance  entered  the  minds  of  experimenters.  Pas- 
teur, Chauveau,  and  Kleba  published  theories  with  this  for  a  basis, 
but  it  was  difficult  to  demonstrate  tliis  "  preventive"  substance.  The 
first  experiments  (Grawitz,  Gamaleia)  were  negative.  But  Groh- 
nianu,  in  1884,  demonstrated  that  fresh  serum  exercised  an  attenuat- 
ing influence  upon  anthrax  bacilli.  Fodor  found  that  fresli  blood 
destroyed  this  bacterium.  NuttaU  demonstrated  that  organic  fluids 
like  serum,  the  arjueouB  humor  of  the  eye,  and  the  serous  fluid  of  the 
p*»ricardinni,  really  possessed  the  power  of  destroying  bacteria,  and 
that  this  antiseptic  action  is  destroyed  in  them  by  raising  to  a  tem- 
perature of  about  50^  C,  or  over.  Buchner's  researches  showed  the 
nature  of  this  antiseptic  action.  He  demonstrated  that  it  was  con- 
tained entirely  in  the  serum,  and  that  the  corpuscles  in  being  de- 
stroyed in  defibrinated  blnod  may  more  or  less  mask  and  destroy  the 
bactoricidid  action  of  the  serum.  He  demonstrated  also  that  by 
repeated  freezing  of  the  serum,  it  may  be  separated  in  several  layers 
of  which  the  lowest  is  the  moat  active;  and  further,  that  the  bacteri- 
cidal action  of  the  sei-um  is  destroyed  if  it  be  diluted  with  distilled 
water,  or  if  it  be  dialyzed  against  it. 

The  bactericidal  action  of  the  serum  ia  not  hindered  if  one  uses 
saline  water  in  these  last  two  axses,  instead  of  distilled  water,  and  it 
appeare  from  these  results  that  the  bactericidal  action  is  brought  out 
only  in  saline  solutions;  this  would  ally  the  bactericidal  substance  to 
the  globulina,  which  are  held  in  solution  only  in  saline  fluids. 

After  Buchner,  the  most  important  researches  have  been  made  by 
Ogata  and  lasuhara,  and  Behriug  and  Kita.'iato,  who  demonstrated 
the  extremely-  important  part  played  by  the  fluids  of  the  body  in  the 
acquirement  of  immunity. 
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According  to  the  work  of  these  observers,  and  of  others  to  whom 
we  shall  hare  occasion  to  refer  hiter,  immunity  is  due  to  the  presence 
of  albuminoid  substances  that  may  be  called,  following  Hankin,  defen- 
sive proteids,  which  have  the  power  of  killing  pathogenic  bacteria,  of 
attenuating  them,  and  of  destroying  their  toxic  products.  We  shall 
I)ass  rapidly  in  review  the  properties  of  these  defensive  proteids. 

Bactericidal  Proteids. — Animals  have  in  their  serum  and  other 
fluids  substances  endowed  with  very  considerable  bactericidal  powers. 
A  well-studied  example  of  these  bactericidal  proteids  has  been  found 
in  the  serum  of  white  rats.  These  animals  are,  as  is  well  known, 
refractory  to  anthrax.  Behring,  in  studying  the  causes  of  this  im- 
munity, discovered  that  their  blood  serum  did  not  permit  the  bacilli 
to  grow,  and  even  destroyed  them.  He  endeavored  to  measure  this 
germicidal  power  by  comparing  it  with  well-known  antiseptics  like 
sublimate  and  carbolic  acid.  He  found  that  one  part  of  fresh  serum 
of  the  white  rat  added  to  eleven  to  fifteen  parts  of  the  serum  of  sheep 
(which  is  not  antiseptic  to  anthrax)  would  prevent  the  growth  of  the 
bacilli  in  the  latter;  2.5  c.c.  rat's  serum  mixed  with  an  equal  part  of 
sheep's  serum  would  completely  destroy  in  twenty-four  hours  the 
bacilli  coming  from  the  blood  of  a  guinea-pig  affected  with  anthrax. 
To  obtain  the  same  preventive  and  sterilizing  action  in  sheep's  serum 
with  sublimate  and  carbolic  acid,  it  was  necessary  to  use  the  first  in 
the  proi)ortion  of  1 : 1,000,  and  the  second  of  2 :  100. 

To  appreciate  in  all  their  value  these  figures,  they  must  be  con- 
sidered in  connection  with  another  property  common  to  all  the  anti- 
septics, namely,  their  toxicity  to  animals  (Bouchard,  Behring). 
While  sublimate  and  carbolic  acid  kill  the  animal  in  doses  five  to 
seven  times  smaller  than  would  be  necessary  to  prevent  the  develo])- 
ment  of  the  bacteria  in  their  serum,  and  are  therefore  not  fit  for  inter- 
nal antisepsis,  the  bactericidal  proteids  are  present  in  sufficient  quan- 
tities for  disinfection  of  the  rat's  serum,  in  a  condition  of  health.  It 
is  just  here  that  the  most  valuable  property  of  the  defensive  proteids 
comes  in,  that  of  being  the  least  toxic  of  all  substances  knovm  as  anti- 
septics, which  makes  it  possible  to  employ  them  for  internal  anti- 
sepsis, that  is  to  say,  for  the  prophylaxis  and  treatment  of  the 
infectious  diseases. 

Behring  studied  also  the  chemical  properties  of  rat's  semm,  and 
demonstrated  that  it  suri)asses  all  others  in  the  degree  of  its  alka- 
linity. He  was  inclined  to  put  the  bactericidal  power  in  relation 
with  this  alkalinity,  and  to  believe  that  the  antiseptic  action  was  due 
to  an  organic  alkali,  which  was  extremely  active,  and  still  unknown, 
a  leucomam  (A.  Gautier). 

Since  then,  Buchner  has  demonstrated  that  the  antiseptic  action 
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of  animals  is  limited  very  closely  to  albuminoid  bodies.  Neverthe- 
less, these  two  opinions  are  not  necessarily  opposed,  and  recently 
Hankin  has  endeavored  to  reconcile  them.  In  fact,  there  are  already 
known  albuminoid  bodies  that  have  a  reaction  that  is  alkaline,  dae 
perhaps  to  the  combination  of  an  albnminoid  with  a  ptonuun.  All 
these  bodies  are  albumoses,  that  is  to  say,  albnminoid  bodies,  soluble 
in  water  or  in  dilute  saline  solutions,  precipitable  by  alcohol  and 
supersaturated  sulphate  of  ammonia,  non-precipitable  by  heat.  Fur- 
ther, Hankin  endeavored  to  isolate  the  albumose  from  the  spleen  of 
the  rat,  and  found  that  this  albumose  had  an  alkaline  reaction,  and, 
on  the  other  hand,  possessed  the  power  of  destroying  the  anthrax 
bacillus.  He  also  succeeded  in  curing  anthrax  in  guinea-pigs  by 
means  of  this  albumose. 

Nevertheless,  in  studying  more  closely  animal  antisepsis,  certain 
observers  (Nuttall,  Lubarsch)  soon  ran  against  an  apparent  contra- 
diction upon  which  much  stress  has  been  laid  by  the  partisans  of  the 
older  theories  of  immunity.  This  apparent  contradiction  lay  in  the 
fact  that  the  bactericidal  power  of  the  animal  serum  did  not  in  all 
cases  correspond  to  the  natural  immunity  of  the  animal  furnishing 
the  serum.  So  that,  on  the  one  hand,  the  serum  of  the  frog,  rat,  and 
pigeon,  refractory  to  anthrax,  had  a  marked  bactericidal  action  on  the 
bacillus  of  anthrax,  while  the  serum  of  the  dog  had  but  a  very  slight 
action  in  this  direction,  although  the  dog  is  also  refractory  to  anthrax. 
The  serum  of  the  rabbit,  on  the  other  hand,  has  a  very  marked  bac- 
tericidal action  on  anthrax,  altliough  the  rabbit  is  extremely  suscept- 
ihlfi  to  tlie  disease.  But  the  close  analysis  of  these  facts  soon  demon- 
stratod  that  they  do  not  constitute  a  fundamental  objection  to  the 
theory  of  tlio  defensive  proteids. 

In  the  first  place,  if  the  serums  of  similar  specie  of  animals  are 
compared  as  they  are  or  are  not  immunized  against  an  infectious  dis- 
ea.se  under  investigation,  it  is  found  iu  general  that  the  immunizetl 
animals  Iiave  a  more  bactericidal  serum  than  one  that  is  not  immu- 
nized. For  example,  rabbits  immunized  against  anthrax  have  a  more 
bactericidal  serum  tlian  normal  rabbits  (Lubarsch). 

Secondly,  it  haw  been  found  that  animals  naturally  immune  to 
anthrax,  whose  serum  is  not  sufficiently  bactericidal  to  the  bacilli, 
and  sucli  is  the  case  in  the  cliicken  and  the  dog,  react  to  anthrax  in- 
fection by  a  fever;  and  it  is  now  known  that  this  fever  is  due  to  the 
jiroduction  of  defensive  i)roteids  (Gamalei'a,  Hankin). 

Furtlier,  it  has  l)een  proved  that,  in  the  case  of  animals  with  an 
extremely  l«u't<^ricidul  serum  which  are  yet  susceptible  to  infection, 
as  is  the  case  with  rabbits  and  anthrax,  tliere  is  at  the  beginning  of 
the  infection  an  active  destruction  of  the  bacteria,  and  this  action 
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only  when  the  defensive  proteids  have  been  exhausted.  (The 
first  observation  was  made  by  Fodor,  the  second  by  Flugge  and 
Gamaleia.) 

But,  to  be  complete,  the  analyais  of  the  facts  must  take  into  con- 
sideration other  defensive  proteiils  than  those  tbat  destroy  bacteria. 
For  it  will  be  seen  very  soon  that  the  dog,  whose  serum  is  poor  in 
bactericidal  proteida  and  which  yet  is  insusceptible  to  anthrax,  has 
a  serum  tliat  is  rich  in  attenuating  proteids  with  respect  to  the  an- 
thrax bacillus.  Therefore  the  dog,  infected  with  anthrax,  commences 
by  making  the  bacteria  harmless,  then  acquires  by  its  febrile  reaction 
the  bactericidal  proteids,  and  destroys  the  attenuated  bacterium. 

Aftenuating  Proteids. — It  is  Grohmann  also  who  first  discovered 
the  attenuating  action  of  fresh  serum  on  the  anthrax  bacillus.  Since 
then  this  attenuating  action  lias  been  t)bserved  by  many  otLerH,  and 
has  been  esi)ecially  studied  in  the  case  of  the  antlirax  bacillus. 

The  most  complete  work  is  that  of  lasuhara  and  Ot;ata.  llelying 
upon  the  numerous  experiments  of  different  authors  (Oelmer,  Kitt, 
Petruschky,  Emmerich  and  Di  Mattei,  Lubarsch,  Finger,  Gamaleia, 
Pouquiet,  and  others)  who  have  demonstrated  that  refractory  animals 
possess  certain  projwrties  that  attenuate  the  bacteria  that  am  iimcu- 
lated,  Ogata  and  lasuhara  have  endeavored  to  determine  if  this  atten- 
uating propertj'  resides  in  the  serum  of  the  immune  animals.  They 
inoculated  anthrax  bacilli  in  the  fresh  serum  of  the  frog,  the  rut,  the 
dog,  and  the  rabbit,  and  found  that  while  th«  cultures  which  came 
from  the  serum  of  the  rabbit  remained  virulent  for  the  mouse,  tiie 
remaining  cidtures  coming  from  the  aerum  of  immune  animals  were 
attenuated,  and  could  not  convey  anthrax  to  mice. 

This  attenuating  action  of  the  serum  of  immune  animals  explains 
easily  their  immunity ;  but  the  authors  went  further,  and  (iuoried  if 
this  attenuating  action  of  the  serum,  which  is  exerted  in  the  bod\-  of 
immune  animals  and  also  in  the  test-tube,  cannot  persist  also  in  the 
bodies  of  other  animals  that  are  not  immune  to  anthrax.  To  solve 
this  problem,  they  injected  the  serum  of  the  frog  and  the  dog  into 
mice  and  guinea-pigs  inoculated  with  anthrax.  Thus  a  drop  of  the 
serum  of  the  frog,  and  one-half  to  one-fourth  of  a  droji  of  the  serum 
of  the  dog  preserved  mice  from  a  dose  of  anthrax  which  killed  mii-e  not 
treated.  For  guinea-pigs  it  was  necessary  to  employ  2  c.c,  for  rabbits 
4  and  8  c.c.  to  preserve  them  from  anthrax. 

These  results  of  Ogata  and  lasuhara  on  tlie  attenuating  proteitls 
have  since  been  confirmed,  for  antlirax  (Behriug,  Hankin),  and  for 
other  different  diseases.  Thus,  for  example,  in  Rouohard's  labora- 
tory, H.  Roger  has  found  that  the  strei>tococcus  of  erysipelas  grows 
very  freely  in  the  serum  of  animals  vaccinated  against  this  disease, 
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bat  that  it  becomes  sttennated,  and  that  its  attenuation  is  more 
marked  the  more  intense  the  immunity  of  the  rabbit  from  which  the 
serum  came.  On  the  other  hand,  Metchnikoff  for  the  pigeon  and 
the  white  rat,  and  Malm  for  dogs,  have  endeavored  to  show  that  these 
animals,  which  are  refractory  to  anthrax,  instead  of  attenuating  the 
anthrax  bacilli,  increase  their  vitalitj*.  But  they  committed  the  error 
of  not  inoculating  the  bacilli  that  come  from  refractory  animals ;  they 
made  first  a  cultxire  in  bouillon,  and  it  is  well  known,  from  the  experi- 
ments of  Toussaint  and  Chauveau,  that  bacteria  deprived  of  virulence, 
by  heat  for  example,  become  virulent  in  young  cultures.  80,  also, 
Metchnikoflf  isolated  a  bacterium  contained  in  the  leucocyte  of  a  pig- 
eon. To  jirove  that  it  was  virulent,  it  should  have  been  inoculated  in 
a  guinea-i)ig,  for  it  is  known  (Watson  Cheyne)  that  a  single  bacillus 
is  all  that  is  necessary  to  infect  a  gninea-pig;  but  this  the  author 
could  u(jt  do,  and  therefore  his  assertion  that  the  bacillus  was  vim- 
lent  was  not  weU  founded.  Then,  too,  the  experiments  establishing 
the  attenuating  power  of  the  serum  of  immune  animals  are  already 
very  numerous,  and  it  is  possible  to  consider  as  settled  that  the  serum 
of  immune  juiimals  contains  attenuating  substances.  But  it  will  be 
seen  th;it  the  role  of  tlie  defensive  proteids  is  not  limited  to  bacteri- 
cidal iind  attenuating  action,  there  are  others  that  have  an  antitoxic 
effect. 

Aiifif<i.rif  Pro/eiVfc. ^Behring  and  Kitaaato  first  demonstrated  in 
1890  that  the  bluod  and  the  serum  of  rabbits  vaccinated  against  teta- 
nus Lad  the  power  of  d(^stroying  in  the  test-tube  the  toxin  of  tetanus. 
Foll(3wiug  is  one  of  their  experiments:  One  centimetre  of  a  filtered 
tetiinus  culture,  suffit^'iently  jiowerful  to  kill  a  mouse  in  several  days 
when  injected  in  a  dose  of  0.00005  c.c.  (cinq  cent-milliemes)  was  mixed 
with  5  c.c.  of  seriuii  <if  a  rabbit  refractory  to  tetanus.  Twenty -four 
hoiu's  afterwards  four  mice  were  inoculated  with  2  c.c.  of  this  mixture 
each,  ciintjiiuing  0.033  c.c.  of  the  original  filtered  culture.  The  same 
filtered  culture  not  mixed  with  the  antitoxin  was  injected  into  control 
mice  in  a  dose  of  O.OOOl  c.c.  These  died  in  thirty -six  hours,  while 
the  first  four  remained  immune  and  unharmed  for  an  indefinite  period. 
This  antitoxic  action  of  the  seinim  uf  immunis'-ed  rabbits  was  exerted 
not  oiil\-  in  vitro,  but  iu  the  bodies  of  mice  that  are  usually  so  sus- 
cejitiblfi  to  anthrax.  Thus,  for  example,  2  c.c.  of  the  serum  of  im- 
mune r.ibbiLs  was  enough  to  vaccinate  mice  against  tetanus.  The 
experimenters  even  succeeded  iu  saving  animals  in  which  the  disease 
had  already  made  its  appearance,  tetanic  convulsions  being  already 
present,  by  the  iise  of  rabbits'  serum. 

The  .same  obseri'ations  h&\e  been  made  by  these  authors  with  re- 
gard to  diphtheria,  in  which  it  was  found  that  the  serum  of  animaltf 
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inuntmized  against  this  disease  had  the  power  to  desti-oy  the  diphther- 
itic poison. 

Tizzoni  and  Cattani  have  been  able  to  confirm  the  results  of  Beh- 
ring  and  Kitasato  bo  far  as  regards  tetanus.  Some  observers  have 
endeavored  to  upset  the  resnlte  of  Behring  and  Kitasato,  by  quoting 
those  of  others  (Gamaleia  and  Charriu)  who  have  shown  that  animals 
mav  be  immuuized  against  certjiin  diseases,  at  the  same  time  remain- 
ing susceptiVile  to  the  toxins  of  these  diseases.  But  in  these  cases 
(vibrionic  disease,  pyocyanic  disease,  cholera)  it  is  shown  that  the 
animiUa  defend  themselves  by  the  bactericidal  proteids  which  they 
possess  in  much  greater  fjuantity  than  the  unimmunized  {Beliring 
and  Nissen,  Charrin  and  Roger,  Zasslein)  and  not  by  the  antitoxic 
proteid.  It  can  be  seen  by  the  rapid  analysis  here  given  of  the  dis- 
infecting power  of  the  animal,  the  great  numl>er  of  facta  the  advocates 
of  this  doctrine  can  adduce  in  its  favor.  But  as  it  only  dates  from 
yesterday,  a  great  number  of  fundamental  questions  are  still  unde- 
cided. Thus  the  precise  nature  of  the  defensive  proteid  is  uot  yet 
fully  made  out.  It  is  an  alkaline  albumose  according  to  Haukiii,  a 
8]>ecial  condition  of  the  serum  globiilin  according  to  Buchner,  dia.stiise 
according  to  other  authors. 

The  distribution  of  the  defensive  proteids  in  the  various  tissues  of 
the  body  is  not  yet  known.  Hitherto,  the  fluids  of  the  body  have 
been  esjwcially  studied,  the  serum  of  the  blood,  the  aqueous  liunmr, 
the  serous  fluid  of  the  pericardium;  but  it  is  known  tliat  certain 
organs  of  the  lx«iy  contain  proteids,  such  as  the  spleen  (Hankin, 
Gamaleia)  and  the  muscles  (Fria) . 

To  this  latter  question  is  attached  another  of  extreme  importance, 
namely,  as  regards  the  place  where  the  defensive  proteids  are  formed. 
Probably  the  difl'ereut  organs  are  charged  with  tlu=(  duty  of  furuisliiug 
to  the  body  the  different  defensive  proteids,  like  t!ie  liver,  tlie  iiiu.s- 
cles,  etc.,  but  these  questions  have  not  yet  been  settled  hy  cxjieri- 
mentation,  for  even  in  normal  physiology  the  knowledge  of  (Iw 
internal  secretions  of  the  glands  is  but  beginning  to  be  understood, 
revealed  by  the  experiments  of  Minkowsky  on  the  pancreas,  of  Schiff, 
of  Brown-Sequard,  and  others. 

In  spite  of  the  great  numljer  of  unknown  points  that  still  surround 
the  theory  of  the  defensive  proteids,  and  the  immunity  produced  by 
them,  it  is  possible  to  predict  that  it  will  emerge  victoricuis  from  tlie 
struggle  against  the  old  prejudices  that  surround  this  brauch  of  gen- 
eral pathology,  and  the  numerous  hypotheses  that  have  already  been 
formed.  It  will  be  victorious,  because  it  has  already  given  certniu 
proofs  of  its  importance  in  immunizing  and  curing  animals  by  means 
of  these  defensive  proteids.  J 
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Abtificial  Immdntty  by  Means  of  the  Defensive  Pboteids. 

If  the  refractory  condition  of  the  aniTnal  enjoying  immnnity,  either 
natural  (jr  actjuired,  is  due  to  the  presence  in  the  body  of  an  antisei>- 
tie  HiiliHtaucc  that  can  be  isolated  from  the  living  body,  nothing  is 
more  natural  than  to  attempt  to  produce  by  this  antiseptic  substance 
iu  the  living  body  immunity  iu  animals  not  endowed  ^^ath  it. 

Tho  first  to  do  this  successfully  were  Hericourt  and  Richet,  who 
showed  that  the  peritoneal  transfusion  of  the  blood  of  the  dog  (im- 
mune to  staiihylucoccuH  septicaemia)  in  rabbits,  ordinarily  susceptible 
to  iiifeetiuu  with  tliis  coccus,  renders  the  rabbits  immune  to  it.  The 
autliors,  however,  used  the  whole  blood  for  their  experiments,  which 
makes  it  impossilile  to  consider  their  work  as  a  decisive  proof  of  vac- 
cination liy  means  of  defensive  substances  contained  iu  the  fluids  of 
the  animal. 

Tlie  first  to  confer  immunity  by  the  serum  were  Ogata  and  lasu- 
hara,  whose  experiments  u[)(in  anthrax  have  already  been  spoken  of. 
They  also  obtained  similar  results  with  septicasmia  of  mice.  In 
reference  to  anthrax,  the  experiment  of  Behring  must  also  be  men- 
tioned, who  imiouuized  mice  with  the  serum  of  the  rat;  and  those 
of  Hankiu  who  was  able  to  immunize  mice  by  means  of  the  serum  of 
the  vat,  and  by  the  use  of  an  albumose  extracted  from  the  spleen  of 
the  rat. 

Behring  and  Kitasato  produced  immunity  against  tetanus,  and 
even  cured  the  disease  by  means  of  vaccinated  rabbits.  They  ob- 
tained the  same  results  iu  tlii)htheria,  Emmerich  cured  rouget  by 
tht>  use  of  the  serum  of  vaccinated  rabbits.  Hericourt  and  Kichet 
enhanced  the  resistauce  of  rabbits^  to  avian  tuberculosis  by  infusing 
in  them  the  serum  of  dog-i.  Boucliard  obtained  the  same  effects  by 
this  same  iufusion  so  far  as  concerns  the  resistance  of  the  rabbit  to 
the  pyocyanic  disease.  Other  identical  results  are  reported  in  enor- 
mous numbera. 

Tlie  importance  of  these  experiments  is  very  great.  From  the 
theoretical  jioiiit  of  view,  they  comyiletely  cover  the  question  of  the 
nature  of  immuuity.  For,  unless  one  ventures  upon  unlikely  and 
artificial  explanatious,  it  must  Ije  acknowledged  that  the  serum  tliat 
coufiTH  innuuDity  does  it  by  tho  same  autisejitic  properties,  defensive 
protcids,  that  have  l»eeu  diit<!rmiued  iu  the  bodies  of  refractory  ani- 
mals, and  also  in  the  test-tube.  It  must  lie  admitted,  therefore,  that 
the  serum  tlmt  coufers  immunity  is  sufficient  also  to  explain  it,  and 
that  there  is  no  need  to  have  recourse  to  other  hyi>otheses  that  have 
nothing  to  recommend  them  esce])t  "post  hoc,  ergo  propter  hoc." 
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From  the  practical  point  of  view,  these  experiments  give  ua  foi 
the  first  time  a  rational  method,  since  it  is  founded  upon  internal 
antisepsis  (Bouchard),  of  preventing  the  infectious  diseases  and  ol 
curing  them. 

We  conclude,  then,  that  actually  the  only  plausible  theory  of  im- 
monity  is  that  which  explains  it  by  the  tlisinfectiug  iiroperties  of  tin 
humors,  by  the  sj)ecial  autisepais  of  the  animal,  by  the  defensive 
proteids.  Any  complete  explanation  must  take  into  account  the  three 
properties  of  these  defensive  proteids,  their  bactericidal,  attenuating, 
and  antitosic  action. 

SBRITM  TREATMENT. 

Our  practical  application  of  the  knowledge  gained  in  regard  to 
the  proiluction  of  artificiid  immunity  is  generally  sought  to-day  in 
the  direction  of  serum  therapeutics,  or  orrhotherapy.  It  has  lieen 
attempted  to  secure  artificial  immunity  by  the  use  of  the  actual  cul- 
tures of  the  bacteria,  modified  in  various  ways;  by  extracts  of  tlir 
cultures;  by  extracts  of  the  bacteria,  etc. ;  but  the  most  successful  re- 
sults outside  of  the  laboratory  have  lieen  obtained  in  the  ctiae  ol 
diphtheria,  and  this  success  has  been  secured  as  the  result  of  cfForl 
in  a  tlifferent  tlirection  from  any  of  the  jireceding,  that  is,  by  the  use 
of  the  serum  of  animals  artificially  rendered  immune  to  the  disease. 
Tliis  procedure,  which  has  beeu  so  successful  in  its  application  tc 
the  cure  and  prevention  of  diphtheria,  did  not  reach  its  preseni 
stage  until  after  many  most  elaborate  and  paiustjiking  studies  of  the 
blood  serum  in  its  effects  upon  bacteria  and  animals  had  beeu  con- 
cluded. 

Our  present  knowledge  of  the  properties  of  the  blood  serum  if 
well  summarized  by  Achalme,  whose  book  presents  the  .sul)j(!ct  in  ji 
very  clear  and  concise  way,  and  from  which  we  shall  quote  freely  in 
the  remainder  of  this  article. 

General  Properties  of  Serum. 

It  is  claimed  by  the  French  that  Richet  and  Hericourt  were  the 
first  who  applied  the  actual  priueiiile  of  serum  therapeutics  whicli 
they  formulated  in  their  work  ou  the  inic-rococcus  ])yosepticus.  Aftei 
them  man^'  observations,  principally  due  to  liehriug's  iuitiative, 
demonstrated  that  the  blood  serum  could  not  be  considered,  as  here- 
tofore, a  simide  inert  vehicle,  but,  on  the  contrary,  that  it  aiipeared 
to  be  endued  with  properties  that  might  be  called  vital,  to  which 
could  be  attributed  a  iiart  of  the  resistance  of  the  iutlividual  to  ester- 
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nal  causes.  This  discovery  coming  at  the  moment  when  the  still 
recent  theory  of  phagocytosis  was  being  actively  combated,  especially 
in  Germany,  opened  a  new  line  of  argument  for  its  nomeroos  oppo- 
nents, and  although  they  did  not  succeed  in  refuting  the  conclu- 
sions of  Metchuiko£f,  their  studies  were  productive  of  valuable  results. 

It  was  very  quickly  determined  that  the  blood  serum  exercised, 
either  directly  on  bacteria,  or  indirectly  in  the  economy  of  the  ani- 
mals into  which  it  was  injected,  certain  influences  until  then  unknown, 
but  the  practical  application  of  which  was  not  long  delayed.  The 
principal  facts  necessary  for  a  proper  understanding  of  the  phenom- 
ena of  serum  therapeutics  are  the  following : 

Bactericidal  Power  of  the  Serum. — The  bactericidal  properties  of 
the  blood  serum  must  be  placed  first  in  chronological  order,  as  hav- 
ing been  esiiecially  demonstrated  by  Behring  with  the  serum  of  the 
rat  attacked  with  anthrax. 

From  1888,  the  time  of  his  first  researches,  until  1892,  when  he 
discovered  the  antitoxic  ])ower  of  the  blood,  many  experiments  were 
published,  especially  in  Germany,  attempting  to  make  this  bacteri- 
cidal action  of  the  serum  play  an  important  part  in  the  production 
of  immunity.  From  this  work  the  interesting  fact  stands  out,  what- 
ever the  explanation  may  be,  that  the  serum  of  certain  animals 
not  only  hinders  the  develojjment  of  certain  species  of  bacteria,  but 
also  appears  to  destroy  them,  so  that  at  the  end  of  about  twenty 
hours  no  vitjility  can  be  demonstrated  by  means  of  cultures;  but  this 
fact  alouo  is  very  far  from  having  a  general  application  to  immunity, 
for  altliougli  ot'rtain  coincidences  may  have  been  noteil  between  the 
refractory  condition  of  an  animal  and  the  iMictericidal  property  of  its 
sennii,  tlie  divergences  observed  are  numerous.  This  absence  of 
uniformity  appears  to  demonstrate  clearly  that  the  role  of  the  bac- 
tericidal pr()j)erti('8  of  tho  serum  is  not  of  practical  importance  in  the 
resistance  of  the  orKanisni.  S<mio  oliservers  Iiave  gone  oven  furtlier, 
and  are  unwilling  to  admit  that  the  iMictericidjil  ])Ower  is  a  biological 
proix-rty  of  the  seiuiu,  considering  it  as  a  simple  accident,  accord- 
ing to  some  due  to  tlie  jin^sence  of  carbonic  acid,  according  to  others 
to  the  simple  i)h<>nomena  of  osmosis  \>y  which  is  produced  a  sudden 
transportation  of  the  bacteria  from  one  medium  to  another.  Certain 
facts  intlt-ed  sujijjort  this  latter  view.  Direct  ex jieri mentation  demon- 
8trat(>s  tliat  bacfc^ria,  less  s(>iLsil)le  j)erhaps  than  infusoria,  supiKjrt  no 
less  j)oorlv  these  dianges  of  medium,  and  tlius,  biwing  the  assertion 
on  tho  fiu'ts,  we  can  attribute  a  bactericidal  projwrty  to  egg  albumen, 
antl  even  to  distilled  water.  It  is  also  i)08siblo  to  allege  the  ready 
accustoming  of  the  bacrteria  to  this  medium  of  culture,  which  appears 
at  first  so  hurtful  to  them ;  for  in  fact,  if  we  wait  two  or  three  days. 
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there  is  finally  obtained  a  deTelopment  of  the  bacteria  in  the  substi- 
tuted bactericidal  serum.  In  spite  of  these  and  other  arguments,  it 
is  difficult  to  regard  as  a  simple  physical  phenomenon  the  biological 
power  of  the  blood.  It  would  be  hardly  admitted  that  the  osmotic 
power  of  the  serum  of  the  vaccinated  guinea-pig  differs  in  any  sensi- 
ble degree  from  that  of  the  serum  of  a  normal  guinea-pig.  The  in- 
stability of  the  bactericidal  power  is  also  a  good  argument  in  favor 
of  its  biological  nature,  if  not  of  its  vital  nature.  It  is  in  fact  destroyed 
by  heating  to  55°  or  60°  C,  while  none  of  the  other  physical  or  chem- 
ical properties  of  the  serum  seem  to  be  in  the  least  degree  modified. 
Because  of  these  phenomena,  it  was  perfectly  natural  that  attempts 
should  be  made  to  isolate  a  substance  to  which  might  ho  attributed 
the  hurtful  action  of  the  serum  upon  the  bacteria ;  but  these  researches 
were  negative,  for  control  experiments  did  not  verify  the  existence 
of  the  proteids,  globulins  (defensive),  or  alexins,  of  Haukin  and  of 
Bnchuer,  nor  that  of  the  bactericidal  diastases  of  Ogata  and  lasuhara. 
The  nature  of  this  bactericidal  property  is  so  little  determined  tbat  it 
is  impossible  not  to  compare  it  to  the  globiihoidal  properties  which 
will  be  mentioned  later.  Its  existence,  however,  has  established  the 
fact  that  the  blood  serum  cannot  bo  looked  upon  as  an  inert  material, 
and  has  served  as  the  point  of  departure  for  important  discoveries  in 
serum  therapeutics. 

Tiie  Aftenualbig  Power  of  fhe  Serum. — The  most  flagrant  contradic- 
tions of  the  bactericidal  phenomena  lose  much  of  their  importance 
from  the  point  of  view  of  the  genesis  of  immunity.  Some  authors, 
nevertheless,  seek  to  reconcile  observed  facts  with  theory,  and  it  is 
from  this  that  the  conception  of  the  attenuating  yiower  of  the  fluids 
had  its  rise,  due  principally  to  the  works  of  the  followers  of  Bou- 
chard, and  especially  of  Eoger  and  Cbarrin.  According  to  them, 
even  if  the  bacterium  is  not  always  deprived  of  its  vitality  by  the 
action  of  the  fluids  of  the  refractory  animals,  it  nevertheless  is  mark- 
edly influenced  in  its  most  important  jjroperty,  from  a  pathogenic 
point  of  view,  that  is  to  say,  its  virulence.  These  authors  seem  to 
demonstrate  that  the  bacillus  pyocyaneus  does  not  secrete  its  color- 
ing matter  iu  the  fluids  of  immune  animals,  that  the  inoculation  of 
cultures  of  the.pueumococcus  or  of  the  streptococcus  in  the  serum  of 
animals  protected  against  the  afi^ections  protlucpd  b\-  tliese  bacteria  is 
harmless,  in  spite  of  the  development  of  the  bacterium,  which  devel- 
opment, BO  far  as  the  streptococcus  is  concerned,  is  more  abundant 
than  in  the  serum  of  non-vaccinated  animals.  It  is  not  possible  to 
review  the  conti'adictory  results  obtained  by  various  authors  who 
have  attempted  to  repeat  these  experiments.  The  conclusions  appear 
to  be  that  this  apparent  attenuating  property  has  been  confounded 
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with  the  protective  power  of  the  serum.  In  the  experiments  of  the 
aathora  apoken  ol,  this  factor,  at  that  time  unkuowD,  was  for  that 
very  reason  entirely  neglected ;  and  the  mixture  of  serum  and  bac- 
teria was  found  harmless,  not  becauae  the  bacteria  were  attenuated 
by  the  action  of  the  serum,  but  because  the  serum  preserved  the 
living  tisBiies  against  the  pathogenic  action  of  the  bacteria  which  ac- 
comi^anied  it.  From  the  later  work  on  this  ([uestion,  it  appears,  on 
the  contrary,  that  in  the  blood  of  refractory  animals,  whether  in  the 
living  organism  or  in  the  test  tube,  the  virulent  properties  of  the 
bacteria  are  increa.sed,  and  that  this  increase  is  the  result  of  a  new 
adaptation  or  of  a  selection  among  the  moat  resisting  bacteria; 
so  that  to-daj-  the  existence  of  an  attenuating  property  is  more 
than  doubtful. 

The  Antitoxic  Pmter  of  the  Serum. — In  following  out  his  studies 
upon  the  bactericidal  action  of  the  blood,  Behring  very  soon  found 
himseK  Ijlocked  in  his  conclusions  by  the  fact,  easy  of  demonstration, 
of  the  development  and  persistence  of  the  bacterium  at  the  point  of 
inoculation  in  refractory  animals.  The  question  at  once  arose,  wheth- 
er, instead  of  acting  upon  the  bacterium  itself,  the  fluids  did  not 
exert  their  influence  ujion  the  products  of  secretion  by  neutralizing  or 
de.struyiug  them.  From  this  conception  arose  the  ^reat  discovery  of 
tho  rtutitoxic  power  of  the  fluids,  and  especially  of  the  blood  serum. 
Behring  and  Kitasato  found  thut  it  was  sufficient  to  mix  the  toxins  of 
tetanus  or  diphtheria  with  small  quantities  of  the  serum  of  an  animal 
vaccinat<^'d  against  these  diseases  to  Ije  able  to  inject  the  toxins  into 
susceptible  animals  without  harm.  The  result  was  the  same  if  the 
mixture  was  made  in  the  body  of  the  animal  instead  of  in  the  test 
tulie;  in  fact,  these  observei-s  demonstrated  that  the  injection  of  serum 
at  another  point,  and  at  a  time  a  little  before  or  a  little  later  than  the 
injection  of  the  toxin,  could  protect  the  animal  against  many  times 
the  ordinarily  fatal  dose  of  the  bacterial  poison.  This  discovery  was 
a  revolution,  and  it  was  believed  that  it  would  deal  a  deathblow  to 
the  theory  of  iihagocytosis.  The  explanation  which  first  presented 
itself  for  this  ]iheui)meuou  of  neutralization  of  the  effects  of  the  toxin 
was  a  very  simple  one,  namely,  that  the  serum  acted  directly  upon 
the  micr()l)ic  ])oison  and  destroyed  it,  or  at  least  transformed  it  into 
an  inoffensive  substance.  This  power  appears  to  be  less  destructible 
than  the  bactericidal  pro[)erty,  of  which  it  is  entirely  independent, 
ilthongh  Buchuer  does  not  think  so.  Heating  to  65"  C.  for  twenty- 
ive  minutes  does  not  destroy  it.  It  also  withstands  the  dilution  of 
;he  serum  in  distilled  water,  and  even  the  addition  of  certain  antisep- 
tics, such  as  carbolic  acid  and  formaldehyde.  It  was  perfectly  nat- 
ural to  attribute  this  remarkable  property  to  the  presence  in  the  blood 
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of  a  special  body  to  the  eiistence  of  which  the  antitoxic  power  could 
be  attributed. 

The  Dame  of  antitoxin  has  been  given  to  this  body,  and  it  has 
been  successively  compared  to  a  globulin  or  a  diastase ;  whatever  it 
may  be,  its  power  aarpaases  the  imagination,  since  in  the  condition 
of  dilution  in  which  it  is  found  in  the  serum,  it  is  sufficient  to  neu- 
tralize enormous  doses  of  toxin.  In  such  a  matter  nothing  can  be 
more  eloquent  than  figures.  One  cubic  centimetre  of  the  serum  of  a 
horse  vaccinated  by  Roux  and  Vaillard  against  tetanus  was  sufficient 
to  neutralize  in  the  teat  tube  thirty  times  its  volume  of  toxin ;  it  was 
possible  then  by  the  addition  of  .0001  c.c.  to  neutralize  completely 
the  hurtful  action  of  an  otherwise  fatal  dose.  To  preserve  mice,  the 
necessary  quantity  is  so  infinitely  small  that  it  is  difficult  to  give  an 
exact  notion  of  it.  Serum  of  an  activity  of  one-millionth  and  more 
has  been  obtained,  the  unit  of  measurement  lieing  the  ijuantity  neces- 
sary to  immunize  a  gram  of  mouse;  thus  a  cubic  centimetre  is  suf- 
ficient to  protect  1,000  kgra.  of  mice  or  more,  that  is  to  say,  almost 
seventy  thousand  of  these  animals,  each  one  weighing  about  15  gm., 
against  a  fatal  dose  of  toxin. 

The  discovery  of  such  power,  it  will  be  easily  understood,  gave 
rise  to  therapeutic  hopes,  which,  if  they  have  not  been  completely 
recognized  in  tetanus,  have  been  surjiassed  in  di[>litheria.  The  prac- 
tical deductions  that  have  come  from  the  researches  of  Behring  and 
Kitasato  have,  so  to  speak,  i>opularized  their  tlienretical  idea  of  the 
destruction  of  the  toxin  by  immunizing  serum,  emphasizing  thus  the 
existence  of  the  antitoxic  property  of  the  blond ;  nevertheless,  upon 
better  analysis  of  the  phenomena,  and  especially  upon  attempting  to 
extend  this  notion  to  other  affections  less  visibly  toxic  than  tetanus 
and  diphtheria,  it  is  very  quickly  apparent  that  it  is,  to  aay  the  least, 
incomplete. 

Jmmiinhing  Power  of  the  Serum. — Metchnikoflf,  in  certain  re- 
searches upon  the  blood  of  rabbits  inoculated  against  hog  cholera, 
determined  that  the  serum  of  these  animals  exerted  a  preventive  and 
curative  action  in  fresh  animals,  without  at  the  same  time  possessing 
any  bactericidal,  attenuating,  or  even  antitoxic  property.  This  now 
idea  opened  a  fresh  vista.  It  was  seen  that  a  false  direction  had  been 
taken  in  attempting  to  determine  the  direct  influence  of  the  serum  on 
the  bacterium  or  the  toxin,  and  that  one  of  the  most  important  factors 
of  the  experimentation  had  been  neglected,  that  is  to  say,  the  organ- 
ism of  the  inoculated  animal ;  whether  inoculation  was  made  with  a 
mixture  of  serum  and  bacteria  or  a  mixture  of  serum  and  toxin,  in- 
stead of  acting  upon  these  elements  l)y  neutralizing  their  hurtful 
action,  it  appeared  that  the  serum  exerted  its  influence  upon  the 
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economy  of  the  aiiimal  by  increasing  the  activity  of  its  means  of 
defeDce.  It  was  this  idea  that  Metchnikoff  put  forward,  and  that  he 
has  supported  by  what  appeared  to  be  irrefutable  facia.  According 
to  him,  the  action  of  the  serum  is  especially  a  stimulation  of  the 
organic  resistance,  and  is  exei-ted  especially  upon  the  phagocytes  that 
it  makes  more  competent  to  fulfil  their  defensive  role.  Many  facts 
can  be  brought  forward  to  support  this  seductive  theory. 

Globidicidal  Property  of  five  Sentm. — This,  which  is  very  like  the 
bactericidal  propertj',  has  been  especially  studied  by  Daremberg  in 
France,  and  Buchner  in  Germany.  These  observers  found  that  when 
tliey  introduced  the  blood  globules  of  one  animal  into  the  serum  com- 
ing from  another,  the  corpuscles  were  rapidly  deformed  and  com- 
l>letely  dissolved  in  the  course  of  a  few  moments,  and  this  phenom- 
enon occurred  as  well  in  the  circulating  blood  of  an  animal  as  in  the 
test  tube.  Buchner  attempted  to  identify  this  method  of  action  with 
the  bactericidal  power  of  the  serum,  and  his  hypothesis  appears  to 
be  quite  probable,  for  besides  the  fact  that  the  two  are  very  much 
alike,  subjection  to  a  temi)eratuTe  of  55°  C. ,  exposure  to  light,  or  a 
change  in  the  saline  constituents,  destroyed  the  two  properties  more 
or  less  ra]iidly.  The  existence  of  a  sjjecial  albuminoid  material,  or 
an  alexin  as  Buchner  calls  it,  in  which  this  globulicidal  power  re- 
sides, !ip])ears  as  doubtful  as  does  the  existence  of  the  defensive 
proteids  of  wliiith  we  have  ajjoken  in  connection  with  the  bactericidal 
power  of  the  aerum. 

The  ('ixKftilafiiig  Potcei'  of  fhe  Scnim.—Ji  there  be  introduced  di- 
rectly into  tlio  veins  of  an  animal  aerum  coming  from  another  sijecies, 
it  may  produce  an  iutravaacular  coagulation  as  a  result  of  the  pre- 
cipitation t)f  the  fibrin.  In  their  experimenta  upon  the  treatment 
with  the  serum  of  the  dog  of  the  infection  produced  in  the  rabbit  by 
the  staphylococcus  iiyosepticus,  Eichet  and  Hericourt  discovered  this 
fact,  liut  found  tliat  it  can  be  avoided  by  making  the  injection  not  di- 
rectly into  the  blood  current,  but  into  the  cellular  tissue,  or  in  a  se- 
rous cavity,  so  that  the  absorbed  serum  could  arrive  in  the  blood  only 
through  the  lymphatic  system.  Hayem  has  also  shown  that,  simi- 
larly to  the  globulicidal  jiower,  the  coagulating  property  di8api>eared 
under  the  iutlueuce  of  heating  to  55^,  which  apjieared  to  show  that  it 
was  due  to  a  coagulating  ferment ;  and  these  facts  were  also  confirmed 
by  Mai  ret  and  Boac,  who  lowered  the  temperature  at  which  the  serum 
loses  its  coagulating  properties  to  52°,  and  in  this  way  difTerentiated 
it  from  the  toxic  property. 

The  Toxic  Power  of  the  Serum. — As  a  result  of  their  researches 
these  two  authors  found  that,  in  addition  to  the  accidents  which  are 
the  results  of  the  coagulation  of  the  blood,  the  injection  of  the  serum 
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of  a  different  species  maj'  produce  actual  symptoms  of  intoxication, 
made  miuiifest  by  myoses,  temperature  changes,  interference  with 
n^spiratiou,  and  even  fatal  con^iilsiona.  These  toxic  properties,  which 
they  attributed  to  the  presence  of  aibnmiuous  materials,  are  somewhat 
more  resistiut;  than  the  coagulating  power.  They  disapjiear  only 
after  heating  to  57^,  and  resist  the  addition  of  chloride  or  sulphate 
of  sodium.  These  toxic  properties  vary  very  unich  in  different 
sjiecies  of  animals ;  thus,  according  to  the  researches  of  Mairet  and 
Bosc,  the  serum  of  man  is  much  more  toxic  and  less  coaj^ulaut  than 
the  serum  of  the  dog.  This  toxicity  of  the  serum  also  varies  greatly 
according  ti>  the  health  or  illness  of  the  animal  that  furnishes  it. 
Qnintjuaud  insisted  upon  the  toxicity  of  the  blood  iu  certain  cutaue- 
oua  affections,  and  Stern  emphasized  the  extreme  ttixicity  oi  the 
blood  in  the  com-ao  of  erysipelas.  A  matter  of  great  importance  is 
the  difference  iu  the  hurtful  action  of  the  serum  according  as  it  is 
injected  into  the  suljcutaneous  tissue  or  directly  introduced  into  the 
veins,  and,  of  course,  this  latter  method  should  always  be  avoided  in 
the  therapeutic  uae  of  serum. 

The  existence  of  these  various  properties  confirms  what  has  al- 
ready l)eeu  said  of  the  vital  nature  of  the  serum,  which  was  formerly 
considered  to  be  an  inert  substance.  These  ]jropertie8  may  also  be 
compared  to  other  chemical  phenomena  dun  to  the  direct  action  of 
the  blood,  that  have  been  investigated  of  late  years;  it  is  to  emiymes, 
so  to  speak,  living,  that  is  attributed  the  glycolytic  property  of  the 
blood,  a  proi)erty  to  which  is  due  the  disappearance  of  a  ]«irt  of  the 
sugar  contained  in  the  blood,  whether  it  be  in  circulatiou  or  iu  the 
test  tube.  The  i»epto-saccharifiant  power,  characterized  by  the  pro- 
daction  of  sugar  at  the  expense  of  peptone,  is  a  phenomenon  of  the 
same  character. 

Senrm  Treatment  iu  the  Experimental  Diseases. 

Septicjeku  Produced  by  the  Staphtlocoocds  Pyosepticus. 

Kichet  and  Hericourt,  in  1888,  gave  the  results  of  their  experi- 
ments to  the  Academy  of  Science.  The  bacterium  of  which  they 
made  use  came  from  a  non-ulcerated  epithelial  tunuir  of  a  dog,  and 
was  extremely  virulent  to  rabbits,  which  it  killed,  producing  enor- 
mous purulent  collections,  and  a  rapid  septiciomia,  in  which  char- 
acteristic it  resembled  the  staphylococcus  albus.  They  found  that 
the  dog  was  absolutely  refractory-  to  the  action  of  this  bacterium,  and 
the  interest  of  their  communication  came  from  the  new  application 
which  the  J'  made  of  this  property.  They  were  able  to  ]>rotect  rabbits 
Vol.  XUl.— 18 
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against  this  fatal  septicajmia,  not  only  by  vaccinating  them  with  old 
cultures,  but  by  injecting  into  the  perittmeuni  the  blood  of  the  dog,  a 
refractory  animal.  In  a  second  communication  they  again  laid  strefis 
upon  this  fact  of  the  protection  of  a  sensitive  animal  by  the  blood  of 
an  immune  animal,  and  added  that  thia  protection  was  still  more 
efficacious  when  they  employed  the  blooil  of  dogs,  whose  natural  im- 
munity had  l)een  reinforced  by  the  inocidations  of  the  bacterium.  It 
was  this  second  assertion  which  was  the  most  important,  and  which 
maile  serum  therapy  take  the  decisive  step  that  has  made  it  the  ob- 
ject of  the  attention  of  all ;  and  the  French,  therefore,  claim  that  the 
honor  of  founding  this  method  of  treatment  should  be  accorded  to 
Richet  and  Hericourt. 

Anthrax. 

Experiments  upon  this  disease  have  been  much  less  conclusive. 
Beliriiig  demonstrated  the  bactericidal  projjerties  of  the  blood  of  the 
white  rat,  uu  animal  that  had  been  looked  upon  as  refractor3-  to  an- 
thrax. Wishing  to  determine  whether  this  property  could  be  active 
a.s  well  in  another  animal  as  in  the  test  tube,  he  injecteil  anthrax 
spores  mixed  with  the  serum  of  the  rat  into  mic«,  and  saw  that  under 
these  conditions  the  mice  suffered  no  ill  effects.  Haukin,  Ogata, 
and  Tasnhara  repeated  the  experiments  and  arrived  at  analogous 
rfsult-s,  for  naturally  tliey  considered  that  there  was  a  connection 
between  this  bactericidal  power  and  the  immunity  of  the  white  rat  on 
the  one  hand,  and  the  jireservative  property  on  the  other.  They 
atteuipt<^d  to  isolate  the  substance  which  appeared  to  tliem  to  be  the 
cause  of  these  i)lieuomena.  Beliring,  arguing  from  the  fact  of  the 
strong  alkalinity  of  the  blood  of  the  rat,  attributed  i\  to  the  presence 
of  au  aniiuiil  alkaloid,  a  ])tomaiu.  Haukin  thought  he  saw  the  action 
of  certain  albuminoid  substances,  which  he  called  alexins,  or  defen- 
sive jiroteids,  and  Ogata  and  lasuhara  thought  they  had  isolated  a 
diastase  that  jjossessed  the  same  properties.  Metchnikoff  and  Koui 
determined  that  this  protective  action  of  the  serum  of  the  rat  occurred 
only  on  comlition  that  there  was  actual  contact  of  the  bacteria  or  their 
.s] Hires  with  the  fluids  extract-ed  from  the  rat.  WTien  the  bacterium 
ami  the  serum  were  injected  separately,  even  if  the  injections  were 
uiado  at  a  point  very  near  each  other,  the  preservative  effect  was 
absent.  Metchnikoff  and  Eoux,  in  attempting  to  establish  the  con- 
nection existing  between  the  preservative  power  of  the  serum  and  the 
imniimit\'  atti-ibuted  to  white  rats,  reached  results  absolutely  opposed 
to  those  of  Beliriug,  of  Franck,  and  of  others  who  considered  these 
animals  refractory  to  anthrax,  They  found  that  most  of  the  white 
rats  used  by  them,  in  a  proportion  of  fifteeen  oat  of  seventeen,  were 
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without  difficulty  inoculated  with  fatal  anthrax,  while  their  serum 
presened  mice  inoculated  with  a  mixture  of  blood  and  anthrax  spores. 
Only  the  old  rata  showed  a  certain  resistance  to  the  bacteria,  but 
their  blood  did  not  show  prophylactic  properties  much  more  marked 
tliuu  those  of  youu^^er  animals,  which  were  in  general  extremely  aua- 
L-eptible.  These  experiments  demonstrated  that  there  was  uo  relation 
l>otweeu  the  j)reservative  ]>roperty  of  the  blood  of  rats  and  their  sup- 
posed immunity  against  anthrax.  Similar  conclusions  followed  the 
researches  made  upon  other  animals.  Ogata  and  Ijisuhara  found 
their  bacterial  diastases  in  the  blood  of  dogs  and  frogs,  but  the  ex- 
I)eriments  of  Enderlen  and  Peterman  on  the  serum  of  the  dog  and 
those  of  Roudenko  on  the  blood  of  the  frog  entirely  upset  the  conclu- 
sions of  the  Japanese  workera.  lu  no  case  did  the  serum  exjieri- 
mented  upon  appear  to  have  any  preservative  properties. 

Taking  up  the  question  from  the  point  of  view  of  the  curabilitj-  of 
anthrax  by  the  serum  of  refractory  animals,  Errii|uez  and  Seratini 
studied  the  action  upon  susceptible  animals  of  the  serum  of  the  do^;, 
of  the  rabbit,  of  the  frog,  and  of  the  turtle.  They  did  not  make  their 
mixture  of  the  virus  and  of  the  bloo<l  lieforehand,  and  their  results 
were  absolutely  negative;  they  concluded,  therefore,  that  in  no  citsn 
and  in  no  way  does  the  serum  of  animals  naturally  immune  to  anthrax 
exert  the  least  i)rotective  action  in  susceptible  auinials.  Under  any 
circumstances,  it  appears  necessary  to  conclude  that  anthrax  infection 
is  not  from  the  point  of  view  of  orrhotherapy  as  conclusive  a  disease 
to  study  as  it  has  been  in  a  nura1>er  of  other  bacteriological  (luestioiis. 

Hog  Cholera. 

The  establishment  of  the  preventive  properties  of  the  serum  of 
animals  vaccinated  against  rouget  by  Emmerich  and  Mastbauiu,  and 
the  study  by  Chenot  and  Pic<i  of  the  curative  power  of  the  scrum  of 
bovines  in  glanders  of  the  guinea-pig,  bring  us  to  the  n^sults  of 
Metchnikofif  regarding  the  immunity  of  rabbits  vaccinated  against  hog 
cholera.  This  disease,  due  to  a  bacterium  studied  by  Salmon  and 
Smith,  Comil  and  Chantemesse,  and  many  others,  is  well  uuderstood 
to-day,  and  inoculated  in  rabbiis,  even  in  very  small  quantities,  the 
microbe  produces  a  rapidly  fatal  sejtticasmia.  The  injection  of  tox- 
ins secreted  by  this  bacterium,  lus  wa.s  domon.strated  by  Selander, 
gives  the  same  jucture  as  follows  the  injection  of  the  bacterium  itself, 
and  the  disease  it  produces  in  the  rabbit  is  therefore  at  the  same  time 
an  iafection  and  an  intoxication.  In  sjiite  of  the  extreme  suscep- 
tibility of  rabbits,  they  can  l>e  efisily  immunized  against  the  bacterium 
of  hog  cholera.     It  is  sufficient  to  make  a  subcutaneous  injection  of  a 
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very  small  quantity  of  tbe  blootl,  that  has  been  heated  to  80°  C,  of 
an  animal  dead  of  this  infection.  Small  doses  re[)eated  several  tiuies 
have  been  shown  to  confer  a  perfect  immunity  ayaiust  a  strong  virun. 
Metchuikoff  determined  that  the  seruui  of  animals  thus  immunized, 
injected  either  at  the  same  point  or  at  puiuta  removed  from  the  site 
of  inoculati<m,  miiuifested  constant  ]>reveutiv6  properties,  and  hf 
attempted  to  solve  the  question  as  to  what  this  remarkable  ix)wer  of 
the  serum  is  due.  The  bactericidal  action  cannot  be  considered  the 
cause,  because  the  bacillus  of  hoy  cholera  yrows  jxs  easily,  in  the  te«t 
tube,  in  the  blood  of  immunized  as  in  the  blood  of  non-immunized 
animals;  on  the  other  hand,  it  is  possible  to  find  stiU  living  bacteria 
in  tlie  body  of  an  immunized  animal,  luauy  hours  and  sometimeH  many 
days  after  the  inoculation,  which  proves  that  the  fluids  certainly  do 
not  possess  a  very  active  bactericidal  action  in  the  living  animal; 
also,  so  far  as  the  antitoxic  properties  of  the  blood  are  concerned,  it 
may  be  demonstrated  that  they  exist  neither  in  the  interior  of  the 
organism  nor  outside  of  it,  for,  in  fact,  virulent  blood,  which  has  been 
heated  ami  left  several  hours  in  contact  with  the  serum  of  the  immu- 
nized rabbit,  shows  itself  to  be  just  as  toxic  as  the  same  virulent  blood 
simply  diluttnl  with  water;  on  the  other  hand,  the  immunized  iuiimala 
were  shown  to  Im  less  sensitive  than  the  controls  to  the  action  of  the 
toxin  of  hog  cholera,  an  evident  proof  that  the  latter  is  neither  neu- 
tralized nor  destroyed  by  the  common  jiropertieaof  the  blood.  It  is 
extremely  difKcult  to  make  good  exjierimeutal  conditions  for  the  studv 
of  the  po.ssible  attenuating  power  of  the  serum  of  immunized  animals, 
for  ill  inoculating  the  virus  cultivated  on  this  medium,  of  necessity 
there  is  injected  a  small  quantity  of  the  medium  itself,  which  might 
by  manifesting  its  jtreventive  properties  make  one  lielieve  in  an  atten- 
uatioii  of  the  bacterium,  and,  on  the  other  hand,  a  faithful  washing; 
I  )f  the  bacteria  will  surely  !>riiig  on  a  considerable  diminution  in  their 
number,  which  brings  iu  the  quantitative  factor  iu  the  control  experi- 
ments, the  importance  of  which  caunot  be  overlooketl.  But,  inasmuch 
as  death  follows  in  all  the  exiieriments,  although  sometimes  after  con- 
siderable delay,  it  seems  allowable  to  conclude  that  the  senun  of  ani- 
mals vaccinated  against  hog  cholera  does  not  possess  any  attenuating 
projHTties.  This  may  be  determined  also  indirectly ;  Selander  has 
shown  by  his  experiments  that  the  virulence  of  the  bacillus  and  the 
(|Uiuitity  of  the  toxin  that  it  secretes  iu  a  given  time  are  directly  pro- 
linrtioiial;  and  MotchnikotT,  sowing  at  the  same  time  ordinary  serum 
and  serum  coming  from  a  vaccinated  rabbit,  has  shown  that  after  five 
days  the  two  culture  mediums  heated  to  60"  possess  toxic  properties 
at  least  equal.  These  experiments  lose  a  little  of  their  importance, 
however,  now  that  the  attenuating  power  of  the  fluids  is  almost  com- 
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pletely  abandoned  as  a  general  theory  of  immunity.  Whether  this 
preventive  power  is  a  con.stant  manifestation  of  the  refractory  con- 
dition of  the  immunized  animal  ia  an  extremely  important  question 
from  the  point  of  view  of  the  determination  of  tlie  criterion  of  im- 
munity. Metchuikoff's  experiments  seem  to  argue  against  this  as- 
sumption. Rabbits  treated  by  the  serum  presented  a  passing  immu- 
nity, without  their  blood  preventing  in  the  least  the  progress  of  the 
disease  in  other  animals,  and,  on  the  other  hand,  Metchnikoff  has 
seen  rabbits  die  of  hog  cholera  whose  blood  was  preveuti%-e  in  the 
doee  of  half  a  cubic  centimetre.  If  the  blood  is  neither  bactericidal, 
nor  attenuating,  nor  antitoxic,  it  must  be  admitted  that  it  is  not  upon 
the  bacterium  itself  that  its  action  is  exerted,  but  upon  the  organism 
of  the  inoculated  animal.  Metchnikoff  showed  in  his  experiments 
that  for  finite  a  long  time  it  was  possible  to  recover  living  bacteria 
englobed  in  the  interior  of  the  pliagocytes,  and  he  also  showed  that 
the  number  of  leucocytes  was  above  the  normal  in  the  blood  of  animals 
treated  with  serum,  while  it  rapidly  diminished  in  the  controls,  so 
that  he  felt  himself  justified  in  formulating  the  hypothesis  that  the 
preventive  serum  in  the  hog  cholera  of  rabbits  acted  by  stimulating 
the  phagoc3'tes,  making  them  less  sen.sible  to  the  toxins  and  exciting 
them  in  their  struggle  against  the  bacteria. 

Avian  SEPnr.sMiA. 

This  work  of  Metchnikoff  served  as  a  model  to  other  authors,  for 
the  clearness  with  which  these  important  (juestioiis  were  put  and  set- 
tled made  of  this  memoir  on  the  immunity  of  rabbits  against  hog 
cholera  a  sort  of  general  guide  for  the  study  ol  those  curious  ]iro]>er- 
tie«  of  the  bloo<l  serum.  Sanarelli  made  use  of  this  jiluu  in  his 
researches  upon  the  genesis  of  the  immunity  of  guinea-pigs  vacci- 
nated against  the  vibrio  of  avian  septicsemia,  which  disease  is  easily 
transmissible  to  tiie  guinea-pig,  in  which  animal  it  takes  on  the  ap- 
pearance of  an  extremely  acute  septicaBmia.  Pfeiffer,  Metclmikoff, 
Behring,  and  Nissen  demonstrated  the  bactericidal  power  of  the 
serum  of  immunized  guinea-pigs  as  ojiposed  to  the  inaction  of  control 
unimals.  This  immuniaitiou  is  easily  obtained  by  the  repeated  injec- 
tion of  culture  l^onillous  sterilized  at  120  "  C.  This  serum  has  both 
I»reventive  and  therapeutic  projierties.  A  dose  of  half  a  cubic  centi- 
metre at  the  point  of  inoculation,  or  of  5  c.c.  when  the  injection  is  at 
a  distance,  is  sufficient  to  protect  the  animals  against  the  fatal  dis- 
ease, witliout  producing  anything  more  than  an  o'dema  or  a  slightly 
extended  infiltration.  Ff)Uowing  fmt  for  a  long  time  the  exi>eriraeiits 
of  Behring  and  Nissen,  Sanarelli  showed  that,  although  most  of  the 
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vibrios  seemed  to  disappear  in  the  serum  ui  vaccinated  guiuea-pig8 
diiriug  tbe  first  twenty  hours,  some  that  remained  commenced  to 
increase  after  the  lapse  of  this  time,  and  at  the  end  of  three  or  four 
(lays  cultures  ou  this  medium  were  no  leas  abundant  thfui  those  in 
the  seniiu  of  fresh  guinea-pigs ;  thus,  in  the  test  tube,  the  bactericidal 
jiower  is  only  relatively  important,  and  it  becomes  absolutely  nil  in 
the  liriug  animal;  in  fact,  before  Sanarelli,  Metchuikoff  himself  had 
demonstrated  that  in  sjiite  of  this  bactericidal  power  the  avian  nbrio, 
better  known  as  the  vibrio  uf  Metchnikoff,  developed  in  the  organism 
of  the  immunized  guinea-pig,  ami  even  acquired  there  the  i)roj)erty  of 
developing  in  the  senim  in  the  test  tube,  without  being  influenced  by 
its  hui-tfid  action.  The  attenuating  power  cannot  be  regarded  aa  the 
cause  of  the  preventive  jiower,  for,  far  from  iliminishiug  the  virulence 
of  the  bacterium,  culture  in  the  serum  of  immunized  animals  appears 
to  increase  the  virulence  in  such  fjishiou  that  the  transfer  of  this  cul- 
ture ou  bouiUou  i)roduce8  vibrios  of  a  vimleuce  almost  always  greater 
than  the  original.  It  also  appears  to  be  established  now  (as  is  i>ointed 
out  by  Achalme  in  his  V>ook  upon  immunity)  that  the  stay  of  the  Imc- 
terium  in  the  liody  of  a  refractory  animal  almost  always  results  in 
increasing  its  pathogenic  projierties ;  it  would  appear  to  be  the  same 
as  regards  the  secretion  of  ])oisons,  for  the  cultures  upon  the  serum 
(if  an  iramuui/ed  animal  always  appear  more  toxic  than  cultures  uu 
normal  serum,  and,  conversely,  immunized  animals,  in  spite  of  their 
])rpvpntive  power,  are  more  sensitive  to  the  toxins  of  the  anan  vibrio, 
and  are  killeil  by  doses  too  small  to  produce  death  in  fresh  guinea- 
pigs. 

The  researches  of  Sanarelli  tend  to  support  the  hypothesis  of 
Metchuikofl"  so  far  as  the  preponderating  rule  of  ]>hagocj'toBis  is  con- 
cerned in  the  jiroccss  of  cure  due  to  the  action  of  the  senim.  He  had 
already  emphasized  its  imjiortauce  in  the  genesis  f>f  the  immunity 
of  giiiuea-pigs.  Sanarelli  showed  that  in  animals  treated  by  the 
serunj  a  leucocytosis  appeared,  more  or  less  marked,  but  constant. 
The  white  globules,  which  did  not  ai)i)ear  except  iu  very  small  f|uan- 
tity  at  the  point  of  inoculation  in  the  control  animals,  ajjpeared  in 
great  numbers  in  guiuea-jngs  treated  \v-ith  the  serum,  and  rapidly 
englobed  the  vibrios,  wliicli  disapj>eared  by  intracellular  digestion; 
ill  fact,  the  ditTcreut  ]>hjiscs  of  the  process  were  absolutely  similar  to 
what  occurs  in  hog  cholera,  and  this  almost  absolute  similarity  of  the 
experimental  results  in  two  perfectly  distinct  processes  might  lead 
one  to  regard  the  conclusions  as  of  more  general  applicability  than 
thev  actualh-  are. 
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Symptomatic  Abthrax. 

These  conclusions  cannot  be  applied  in  all  their  details  to  all 
erperimental  diseases.  It  will  be  seen  farther  on  that  in  diphtheria 
and  tetanus,  diseases  of  a  wholly  special  character,  the  action  of 
the  serum  is  manifest  in  as  striking  a  way  npon  the  toxin  as  upon 
the  bacterium  itself,  but  there  ia  another  affection  that  cannot  like 
these  be  considered  purely  toxic,  one  in  which  the  mixture  with 
the  senim  makes  the  most  active  fluid  of  the  cultures  entirely 
inoffensive;  this  is  symptomatic  anthrax  (.studied  from  this  point 
of  view  by  Deunschmann),  due  to  the  bacterium  Chauvoei,  a  strictly 
anaerobic  microbe.  This  affection,  especially  common  among  the 
larger  ruminants,  can  he  easily  produce<l  in  the  guinea-pig,  to 
which  it  brings  death  in  a  few  hours;  rabbits,  on  the  other  Laud, 
show  themselves  quite  refractory  to  this  infection.  In  order  to  re- 
inforce their  natural  immunity,  Deunschmann  injected  into  tlie  ear 
vein  a  small  fjuantity  of  living  vims,  and  when  the  animal  had  re- 
gained its  weight  there  could  te  injected  the  same  quantity  of  an- 
thrax blood  in  the  muscles  of  tlie  chest;  this  produced  a  small 
abscess,  after  which  the  animal  was  refractory  to  the  fresh  inocula- 
tions. It  is  curious  that  the  blood  of  new  rabbits,  in  spite  nf  their 
relative  immunity,  exercises  no  preventive  action  upon  auimaLs  that 
are  susceptible  like  the  guinea-pig,  and  that  tl>e  toxin  secreted  by  the 
bacterium  Chauvoai,  of  a  sufficient  activity  to  produce  fatjil  results  in 
the  guinea-pig  in  the  dose  of  lA  to  2  c.c,  shows  itself  f<|ii;dly  toxic 
for  the  rabbit,  an  animal  very  resistant  to  the  action  nf  tlie  living 
virus;  the  serum  of  immunized  rabbits  jiosse-sses,  on  the  other  hand, 
a  very  marked  preventive  jiower  in  protecting  the  guiuea-i)ig  in  a 
dose  of  from  2  to  5  c.c.  It  is  necessary,  nevertheless,  to  wait  some 
time  after  the  inoculation  of  the  animal  liefore  using  its  serum,  for  it 
would  seem  that  the  serum  at  first  lias  toxic  properties,  and  produces 
death  in  the  guinea-pig  in  a  dose  nf  from  5  to  10  c.c.  The  preser- 
vative action,  much  less  marked  thau  in  hog  cholera  and  in  arian 
septictemia,  may,  nevertheless,  show  itself  if  the  serum  be  injected  at 
a  distance,  or  a  little  while  before  the  inoculation  of  the  virus;  in  no 
case  is  it  able  to  arrest  or  modify  the  progress  of  the  disease  once 
started.  The  interest  of  Deunschmann's  work  is  especially  in  the 
action  of  the  serum  upon  the  toxin  of  symptomatic  anthrax.  This 
toxin  produces  a  very  intense  necrosis,  which  is  entirely  neutralized 
when  an  equal  volume  of  the  preventive  serum  is  mixed  with  tlie  fatal 
dose.  In  certain  cases,  also,  the  serum  was  foimd  efficacious  when 
injected  an  hour  before  the  toxin.     It  is  a  long  way  from  this  anti- 
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toxic  action  to  the  prodigious  power  of  the  antidiphtheritic  and 

the  aulitetanus  serum,  but,  nevertheless,  the  researches  of  DeunscL- 
maim  show  ia  symptomatic  anthrax  an  interesting  transition  bet\*'een 
the  diseases  in  which  the  antitoxic  power  ia  absolutely  nothing,  and 
those  in  which  it  seems  at  first  sight  to  exercise  a  i>reix)nderating 
action.  If  these  somewhat  inconclusive  researches  appear  to  have 
been  unduly  noticed,  it  is  only  to  demonstrate  how  much  too  quick 
generalization  there  has  been  in  bacteriology,  and  that,  although  the 
laws  remain  the  same,  it  is  foolish  to  reason  in  regard  to  one  bac- 
terial affectitm  upon  the  basis  of  experiments  made  upon  a  different 
disease.  It  is  certainly  to  these  too  hasty  conclusions  that  are  due 
the  many  false  theories  that  have  obscured  the  history  of  immunity, 
which  is  at  the  same  time  so  simple  and  so  complex  (Achalme). 

Serum  Treatment  in  Human  Disease. 

Tuberculosis. 

Richet  and  Hericourt  after  their  discovery  of  the  curative  proper- 
ties of  tlie  blond  rif  the  dog  against  the  infection  of  the  staphylococcus 
pyocyaiieus  attempted  to  ap])ly  this  phenomenon  to  human  therapeu- 
tics, using  tuberculosis  for  their  test.  They  showed,  in  1888,  that 
by  transfusing  the  blood  of  the  dog  into  rabbits,  the  progress  of 
tuberculosis  was  rebirded  in  the  latter,  and  that  it  could  even  be 
arrested  if  the  transfused  blood  came  from  dogs  previously  subjected 
to  a  bacillary  infection,  an  infection  from  which  they  readily  recov- 
ered. The  a()]iliciiti<ju  of  this  procedure  was  made  ia  man,  and  in 
1891  Richet  and  Hericourt  reported  au  encouraging  but  incxinclusive 
serie.s  of  rosulLs.  Many  other  authors  who  tried  the  new  method 
showed  that  while  there  certainly  was  a  slight  temporary  amelioration 
the  disease  soon  began  again  its  UHual  ])rog;re8s.  Partial,  irregular 
results  were  tibtaiued  \\y  Bertin  and  Pie(i  in  studying  the  antitul)er- 
culous  (piulitii's  of  the  bloud  of  the  goat.  The  ameboration  obtained 
was  not  specific,  and  the  injection  of  the  serum  of  the  dog  appeared 
to  liave  stiniuliitiiig  jiniperties  that  were  at  least  as  favorable  in  other 
diseases  as  in  tubcnailosis.  One  error,  it  was  suggested,  was  that  at 
this  time  there  wa,s  no  difference  maile  between  the  bacillus  of  human 
tulxsrculosis  and  that  of  avian  tubercuhjsis ;  because  the  latter  was 
much  more  easily  eulti\ated  on  artihcial  meilia,  it  waa  almost  exclu- 
sively 6mplo^\-ed  in  laboratories,  and  it  was  with  this  bacillus  that 
Richet  and  Hericourt  experimented.  More  recently  there  have  been 
mfule  out  certain  distinctive  cliuracteristics  that  woidd  lead  one  to 
suppose  that  the  two  affections  are  not  identical,  and  that,  therefore, 
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it  is  impossible  to  generalize  jw  to  the  eii>erimeutal  reuults  obtained 
from  oue  in  regard  to  the  other;  and  further,  the  experiments  of 
Colin  and  Nocard  and  others  have  demouatrated  that  the  goat  cannnt 
be  considered  as  an  animal  that  is  refractory  to  tuberculosis,  and 
therefore  it  is  not  to  be  wondered  at  that  the  results  were  irregular. 
Unfortunately,  it  was  impossible  to  find  among  the  exjierimental  ani- 
mals those  that  are  actually  immune  to  human  tuljerculosis,  and, 
therefore,  it  was  attempted  to  secure  artificial  immunity,  but  the 
difficulties  that  have  been  found  iu  the  way  have  been  very  great. 
Coannant,  and  Richet  and  Hericuurt  have  reached  a  result  that  is 
very  interesting,  namely,  that  dogs  inoculated  with  the  bacillus  of 
avian  tiil>erculoaLS,  while  showing  but  very  sUght  reaction,  acquired 
a  considerable  resistance  to  human  tuberculosis.  It  is  passible  that 
something  may  be  made  out  of  this  discovery,  but,  unless  the  results 
of  Maragliano  with  the  serum  of  the  horse  prove  to  l>e  all  that  iias 
been  claimed  for  them,  we  must  admit  that  as  yet  but  little  advance 
has  been  made  in  the  direction  of  the  effective  handling  of  tubercu- 
losis by  means  of  serum. 

Rabies. 

The  serum  method  of  treating  rabies  is  very  distinct  from  that  of 
Pasteur  of  handling  the  same  disease.  Most  of  the  work  iu  this  direc- 
tion has  Ijeen  carrietl  on  by  Babes  and  Lepp,  without  any  very  satis- 
factory issue.  Their  residts,  however,  had  a  very  great  thi^oretical 
interest  so  far  as  the  general  applicability  of  the  idea  of  serum  thera- 
peutics is  concerned,  since  they  demonstrated  its  efficacy  iu  a  disetuse 
so  widely  separated  as  is  rabies  from  the  ordinary  infectious  diseases. 
The  more  recent  researches,  but  still  as  far  back  as  18'.>2,  seem  to 
demrjiistrate  the  efficacy  of  the  serum  of  auiTuals  iuoculutcd  jigaiust 
rabies,  but  they  are  esjvecially  iuterestiug  as  demoustratiug  the  fiu't 
that  the  serum  of  such  animals  is  iiarticularly  efficacious  iu  animals 
of  the  same  species. 

Typhoid  Fever. 

In  spite  of  the  fact  that  the  absolute  proof  that  the  bacillus  of 
typhoid  fever  is  the  cause  of  the  disease  has  not  lieou  furnished,  the 
collateral  evidence  is  so  overwhelming  that  there  can  be  no  longer 
au\-  doubt.  Rrieger,  Kitasato,  and  Wassermanu  were  the  first  to 
demonstrate  the  preventive  cjr  curative  pr(i})erties  of  the  serum  of 
animals  vaccinated  jtgainst  typhoid  fever.  Many  others  have  also 
studied  the  i(uestion.  The  work  of  Sauarelli  and  Chantemesse  and 
W'idal  is  that  which  has  specially  determiued  the  remarkable  jiroper- 
ties  of  the  blood  of  animals  vaccinated  iu  typhoid  fever.     From  their 


260  EBNETT — iMTEonoN  AND  nonnnTT. 

results  it  has  been  shown  that  whether  one  injects  at  the  same  time, 
or  a  little  before  the  inoculation  of  the  vims,  a  very  small  qiiantit>'  of 
serum  taken  from  an  immunized  animal,  the  development  of  typhoid 
fever  is  made  almost  absolutely  impossible.  One-half  a  cubic  centi- 
metre is  sufficient  when  the  inoculations  of  the  virus  and  of  the  serum 
are  made  at  the  same  time,  while  nearly  2  c.c.  is  necessary,  if  the  in- 
jection be  made  at  a  different  point  or  before  the  introduction  of  the 
bacillus.  The  rapidity  witli  which  experimental  typhoid  fever  de- 
velops in  the  guinea-pig  made  it  probable  that  the  serum  would  be 
unable  to  arrest  its  progress,  but,  nevertheless,  inoculation  within 
an  hour  after  the  infection  almost  certainly  arrested  the  disease. 
Experimenting  as  did  Stem  u2)on  the  properties  of  the  blood  of  human 
beings  who  had  actiuired  immunity  to  typhoid  fever  by  previous  at- 
tacks, Chantemesse  and  Widal  reached  the  same  results ;  six  times 
out  of  six  the  serum  manifested  an  active  curative  power,  and  this 
power  was  the  stronger  the  nearer  one  was  to  the  attack.  Five  times 
out  of  seven  in  the  exi)eriment8  of  Stem  the  serum  was  active,  com- 
ing from  persons  whose  typhoid  fever  had  occurred  from  two  days  to 
a  year  i)revious ;  three  times  out  of  seven  when  the  attack  had  been 
from  one  to  seventeen  years  previous;  and,  finally,  twice  out  of  four- 
teen times  the  serum  of  persons  who  had  never  been  attacked  with 
typhoid  fever  showed  a  marked  autityphic  power.  Chantemesse  and 
Widal  found  tliis  once  out  of  tliree  times.  These  laboratory  exi)eri- 
ments  were  so  conclusive  and  encouraging  that  attempts  have  been 
made  to  apply  them  to  typlioid  fever  in  human  beings,  but  without 
very  great  practical  results.  Bruschettini  attempted  to  demonstrate 
that  tlie  blood  of  rabbits  inoculated  against  the  tyi)hoid  bacillus  pre- 
sented iu  the  tost  tube  in  contact  with  this  bacillus  bactericidal  prop- 
erties much  more  marked  than  those  of  the  serum  of  normal  rabbits ; 
but  Stern,  experimenting  ui)on  human  blood,  reached  results  diametri- 
cally opposite,  and  demonstrated  that  the  typhoid  bacillus  grew  with 
greater  facility  in  tlio  serum  coming  from  i)er8on8  who  had  had 
typhoid  fever  than  iu  those  that  had  not.  These  latter  experiments 
have  been  shown  to  l)e,  for  the  same  reason,  incorrect,  and  the  obser- 
vations of  Bni8ch(>ttini  and  otliers  have  been  made  use  of  quite  re- 
cently by  Widal  and  others  in  the  elaboration  of  the  metho<l  of  serum 
diagnosis  of  tyi)hoid  fever. 

Pnecmonia. 

The  rneumonic  Toxin. — The  disease  produced  by  the  pnenmo- 
coccus  is  an  infection  more  proj)erly  tlian  an  intoxication,  analogous 
to  that  of  tetanus  or  of  diphtheria,  and,  in  fact,  the  pneumococcus 
does  not  ap^iear  to  secrete  either  very  abundant  or  very  active  toxins. 
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Colturea  ver.v  slightly  toxic  duriuti;  the  first  three  or  four  days  become 
most  tu-tive  later,  esiieciaUy  when  the  acid  reaction  is  apparent. 
Foa  aud  Bonome,  and  G.  aud  F.  Klemperer  succeeded  in  ianlating 
immunizing  substances  rather  than  toxic.  Lssaoff,  recognizing  that 
the  toxicity  of  the  cultures  was  jirojiortional  to  the  virulence  of  the 
bacteria,  attempted  to  increase  the  hitter  by  successive  transmissiouH 
through  the  peritoneum  of  rabbits.  At  the  end  of  t^^u  or  twelve  iu- 
oculations,  the  blood  of  the  la-st  of  the  series  loses  its  power  of  coag- 
ulation, and  becomes  extremely  toxic  and  punilent.  Issfieff  secured 
this  blood  under  aseptic  conditions,  treated  it  with  an  L'(iual  bulk  of 
sterilized  water  which  was  slightly  alkaline  and  contained  one  per 
cent,  of  glj'cerin,  and  then  passed  it  through  a  ChaiiiLierlaiid  filter; 
this  proiluct  was  sufficiently  toxic  to  jjroduce  death  in  rabbits  iu  a 
dose  of  one  one-hundredth  of  the  weight  of  the  animal. 

Aiitipnenimmic  Serttm. — Foa  aud  Carbono,  tlien  Emmerich  and 
Fawetzky  showed  that  it  was  possilile  to  immunize  and  even  cure 
rabbits  or  mice  inoculated  with  the  pneumococcus  by  means  of  the 
serum  of  immunized  animals,  and  every  other  experimenter  wlio  lias 
since  tried  the  same  thing,  the  Klemperere,  Krouse  and  Panzini, 
Issaeff,  and  many  others,  reached  the  same  residt.  The  serum  pos- 
sesses a  very  great  activity,  two  to  four  drojis  of  the  serum  of  a  vac- 
cinated rabbit  taken  on  the  twenty-fourth  day  of  the  imuiuuizatiim 
being  sufficient  to  protect  a  mouse  against  the  fatal  disease,  and  a 
dose  of  H  c.c.  of  the  serum  of  immunized  rabbits  being  sufficient  to 
arrest  the  pneumococcus  septiciemia  iu  twelve  rabliits  twenty-four 
hours  after  infection,  in  the  hands  of  the  Klem])erers.  Tliero  is,  of 
course,  some  ground  f(ir  (juestioning  tliese  results,  1>«>cauHe  it  is  pos- 
sible that  the  Klemperers  did  not  use  a  sufficieutly  strong  cultiu'e; 
but  no  matter  whiit  objections  may  Ije  raised,  the  therajwutic  prop- 
erty of  the  blood  of  immunized  animals  is  beyond  question.  Its 
interpretation  has  varied  according  to  tlie  <'X]ierimeuter,  and  the  gen- 
eral theory  of  immunity  that  he  adojjted ;  Fi>i\  and  C'arlxiue,  and  Em- 
merich and  Fawetzky  believed  it  to  i)n  due  to  bactericidal  action; 
but  this  bactericidal  ]>roperty  could  not  be  deinnnstrated  by  the 
researches  of  Behriug  and  Nissen,  or  by  those  of  CI.  aud  F.  Klem- 
l)erer,  while  the  seinim  of  the  normal  rabbit  inoculated  with  tlie  pneu- 
mococcus 1>ecomes  ra[(idly  cloudy  and  turns  acid,  ft)niung  a  heavy 
layer  at  the  end  of  forty -eiglit  hours  at  the  bottom  of  the  tube.  The 
serum  of  immunized  animals  jireserves  for  a  long  time  its  clearness 
and  alkalinity,  and  it  is  only  after  several  days  that  the  culture  makes 
its  appearance,  progressively  turning  the  medium  acid,  and  preserv- 
ing for  six  or  seven  weeks  its  vitality  and  its  virulence,  which  projier- 
ties  disappear  at  the  end  of  three  or  four  days  in  the  serum  of  control 
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animals.  The  morphology  of  the  bacteria  is  not  very  greatly  modi- 
fied, oiitl  it  is,  therefore,  determined  that  there  is  a  dilference  between 
the  blood  of  fresh  animals  and  that  of  immunized  animals  considered 
as  culture  media.  Ls  it  necessary',  nevertheless,  to  attempt  to  attrib- 
ute the  action  of  the  therapeutic  senmi  to  this  so-called  bactericidal 
Iir(>]>prt.v,  which  only  imperfectly  opposes  the  growth  of  the  bacteria? 
If  this  were  so,  it  would  lie  necessary  that  all  media,  and  they  are 
ver\-  numerous,  that  do  nut  furnish  an  excellent  soil  for  the  develoj)- 
ment  nf  the  pneumococcus  should  also  1»  endowed  with  preventive 
proiwriies ;  but  the  serum  of  the  dog,  which  is  an  animal  moderately 
susce]>tiljle  to  the  pneumococcus,  exercises  an  action  upon  the  develop- 
ment (if  this  liucterium  analogous  to  that  of  the  serum  of  vaccinated 
rabl)its,  and  Fiik  and  Scabia  showe<l  that  the  serum  of  the  dog  previ- 
ouh1\-  iuix'ulated  with  the  pneumococcus  does  not  exert  on  the  rabbit 
or  the  mouse  any  preventive  action. 

Furthermore,  the  more  striking  results  obtained  with  the  vibrio 
of  septicieniia  showed  that,  so  far  as  the  bactericidal  power  is 
concerned,  it  was  not  jjoasible  bn  generalize  from  facts  observeil  in 
the  test  tul)6  as  to  what  goes  on  in  the  organism  itseK;  Issaeff, 
indeed,  found  that  it  wjia  possible  to  recover  living  l>acteria  in  the 
oedema  of  rabbit.s  inoculated  eighteen  to  twenty-four  hours  before 
with  thi3  virulent  pneumococcus,  although  the  cultures  so  obtained 
were  nut  virulent.  The  bactericidal  property  not  furnishing  a  suffi- 
cient ex]ilauation,  it  wjis  suggested  that  the  serum  of  vaccinated  Jini- 
nials  acted  not  on  tlie  vitality,  but  on  the  virulence  of  the  bacterium, 
and  that  its  preventive  power  should  l>e  a.scril3ed  to  its  attenuating 
propertif's.  Roger  carried  out  experiments  bearing  upon  this  point, 
and  Issaeft"  showed  that  after  washing  the  bacteria  to  remove  the 
serum  tluit  adhered  to  tlieni  (the  existence  of  the  capsules  making  the 
separalinu  dilHcuit),  in  spite  of  a  considerable  diminution  in  the  num- 
ber of  the  bacteria,  death  was  produced  in  animals  thus  iu<X'ulated  in 
a  much  shorter  time  than  in  those  that  had  received  an  unwashed 
culture.  In  oilier  experiments  he  showed,  on  the  otiier  hand,  that 
tlie  jiueuniiH'oecus  secreted  its  toxins  as  well  in  the  serum  of  vacci- 
iiati'd  animals  as  in  the  other  media,  and  that  bouillon  cultures  of 
piieuiiiococci  d('Vrliti»od  im  primitive  serum  always  were  more  virulent 
tli.ui  till'  iiitithrr  culture;  so  that  it  appears  that  the  serum  of  vacci- 
nated ;tiiiiiia!s  does  not  exert  any  attf-iiuating  action  upon  the  1>ac- 
toriuiii  <if  pneumonia.  The  hypothesis  of  an  antitoxic  action  remains, 
and  it  is  this  that  the  Klemperers  took  up  in  their  remarkable  work, 
reaching  this  conclusion,  as  the  result  of  experiments  in  the  test  tulie 
Upiin  tlie  neutralizalitm  of  the  toxins  of  the  pneumococcus  by  the 
serum  of  vaccinated  I'abbitw ;   1  mt  the  feeble  virulence  of  the  cidture 
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witli  which  they  made  their  experimeuts  make  their  results  more  or 
less  uncertiiiu,  for  Issaeff,  working  witli  toxius  much  more  active  than 
those  of  the  Klemperoi>*,  showed  that  the  mixture  of  the  pueumo- 
coccic  virus  with  the  serum  of  vaccinated  riibbita  was  Just  as  toxic  aa 
when  it  was  diluted  with  au  inert  medium.  On  the  otlier  liaud,  it  is 
not  possible  to  admit  that  the  serum  of  vaecinatt'd  animals  fan  act 
upon  the  toxins  in  the  organism,  for  these  auimals  have  always  ai>- 
I>eared  more  sensitive  to  tlie  pnenmocoocic  toxins  tliau  the  controls. 
According  ti)  this  line  of  argument,  therefore,  the  antipueumonie 
serum  is  neither  bactericidal,  attenuating,  nor  autitc«ic.  To  these 
negative  conclusions,  lasaeff  affirms  the  stimulating  jiower  that  the 
serum  of  immunized  animals  exercises  upon  i)li!igocytosis,  for  in  ani- 
mals treated  by  the  serum  there  occurs  at  the  point  of  inoculation  a 
very  marked  but  very  fleeting  cedema,  which  disappears  completely 
in  twenty-four  hours,  and  which  uia^v  he  shown  to  contain  a  number 
of  phagocytes;  in  control  animals,  on  the  contrary,  the  local  cedema 
lasts  much  longer,  the  diajwdesis  of  the  leucocytes  is  much  more 
marked,  and  the  phenomena  of  jihagoc^ytoHis  are  ditficult  to  demon- 
strate. The  application  of  these  resiUts  to  pneumonia  iu  man  was 
first  made  by  G.  and  F.  Klemperer  by  injectiug  in  the  [ini'mnouic 
patients  the  serum  of  vaccinated  animals,  and  their  results  ajipeared 
to  be  very  encouraging.  Shortly  afterwards  Foa  and  Carbone,  and 
then  Foa  and  Scabia,  studied  a  series  of  cases  which  appeared  to  give 
encouraging  results ;  and  othei-s  following  them  have  obtained  such 
success  that  the  encouragement  for  further  research  is  very  great,  and 
it  is  probable  that,  if  such  great  difficulty  in  securing  the  serum  of 
immunized  rabbits  did  not  exist,  the  ubservations  alreudy  made  would 
have  been  much  more  numerous.  They  are  nut  likely  to  increiise 
very  rapidly,  however,  uutil  a  more  abundant  source  of  active  serum 
can  be  found. 

AunsTREFrococcic  Serum. 

In  spite  of  the  enormous  importance  that  the  streptococcus  has 
in  human  pathology,  comparatively  few  attempts  have  been  made 
to  obtaiu  a  serum  active  against  this  microorganism.  The  difficulties 
surrounding  the  investigation  are  very  great.  If  one  iKOievcs  that  it 
is  in  aceordauco  with  its  vindence,  and  the  point  of  inoculation,  that 
the  streptococcus  produces  sopticspiuias,  erysipelas,  suppurative  in- 
flammations, etc.,  if,  in  other  words,  one  believes  that  all  strepto- 
cocci are  the  same,  the  ijuestion  even  then  is  not  a  simple  ime;  if,  on 
the  other  hand,  one  believes  that  the  varying  clinical  manifestations 
produced  by  the  streptococci  are  due  to  varying  species  of  bacteria, 
the  simplicity    of   the   question    disappears   entirely.     Vaccination 
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against  the  streptococcus  is  extremely  difficult.  Lingelsheim  and 
Bebring  failed  in  their  attempt,  Boger  only  partially  succeeded.  Mi* 
romoff  obtained  extremely  inconstant  results.  Apparently  the  first 
effective  immunization  of  animals  with  any  streptococci  was  secured 
by  Marmorek,  from  whose  experiments  it  is  possible  to  draw  the  first 
encouraging  conclusions  in  this  direction,  but,  at  the  best,  the  results 
obtained  have  not  been  so  successful  as  it  is  to  be  hoped  they  will 
soon  be. 

Choleiu. 

The  work  upon  cholera  began,  or  could  begin,  only  with  the  dis- 
covery by  Koch,  in  1884,  of  the  specific  bacterium  of  the  disease. 
While  an  enormous  amount  of  disputation  in  regard  to  this  micro- 
organism  has  been  carried  ou,  the  general  opinion  to-day  is  that  it  is 
the  cause  of  the  disease,  and  any  results  as  regards  immunity  would, 
therefore,  be  dependent  upon  a  study  of  this  spirillum.  So  far  as 
Euroi>eau  observers  are  concerned,  these  results  have  not  apparently 
been  very  satisfactory. 

In  the  first  place,  as  regards  the  toxin  of  cholera,  the  spirillum 
always  secretes,  whenever  it  secures  a  foothold  in  the  intestine,  a 
toxin  which,  upon  being  reabsorbed,  destroys  by  intoxication  of  the 
organism.  Westbrook  made  an  especially  elaborate  research  in  order 
to  det«rmine  the  chemical  nature  of  the  toxin,  after  having  estab- 
lished, as  bad  others  before  him,  that  upon  albuminous  materials  the 
cholera  spirillum  secretes  a  substance  that  in  guinea-i)igs,  according 
to  the  dose,  may  kill  or  immunize  them.  He  grew  the  spirillum  uix>n 
a  medium  containing  no  albuminoid  substances,  in  which  the  azote 
nutriment  was  rei)reseuted  by  asparaginate  of  sodium ;  after  filtration 
the  fluid  showed  the  same  immunizing  and  toxic  properties,  although 
the  presence  of  proteid  material  could  not  be  shown  by  the  biuret 
reaction.  Tliis  tended  to  demonstrate  that,  according  to  the  opinion 
long  before  expressed  by  Duclaux,  the  albumoses,  toxalbumins,  and 
so  on,  regarded  by  various  authors  as  pure  toxins,  are  nothing  less 
tluiu  mixtures  of  tf)xiuH  and  proteid  materials;  the  nature  of  the 
former  remaining  still  unknown,  but  apparently  allied  to  the  diastases. 

Aniirhvleniir  Ivimnnization. — There  is  no  doubt  that  the  antichol- 
eraic  scrnin  ])()ss(>ssoh,  even  in  very  small  doses,  the  property  of  pre- 
venting the  disease  in  guinea-pigs,  and  this  vaccination  is  relatively 
easy  to  obtain.  The  researches  of  Femin,  Gamaleia  and  Haffkine 
have  shown  that  the  inoculation  of  attenuated  virus  was  able  to  fortify 
the  animals  against  a  Liter  infection.  Haffkine  has  endeavored  to 
apply  anticholera  vaccination  to  human  lieiugs,  making  use  of  cul- 
tures attenuated  by  continued  aeration,  and  injected  into  the  subcuta- 
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neous  tissue.  The  bacteria  in  the  inoculated  fluid  are  killed  by  the 
action  of  carbolic  acid,  and  it  Las  been  found  that  the  same  results 
may  be  obtained  bj-  the  injection  of  small  quantities  of  filtered  cul- 
tures. At  first  sif^ht  it  would  apjiear  as  if  vaccination  against  cholera 
in  the  human  being  ought  to  be  easy,  but  there  are  two  diflicultieH. 
In  the  first  place,  the  spirillum  is  probably  only  one  species,  and  in 
cholera  of  various  origins  there  are  differences  of  form,  motility,  and 
virulence  that  appear  to  force  us  to  admit  the  existence  of  distinct 
races  of  liacteria;  therefore,  it  is  a  (|ueatiou  whether  an  animal  im- 
munized against  one  of  these  races  is  immuui/ed  against  the  whole 
series,  though  it  is  probabh"  so  in  most  cases,  for  Giimaleia  has  seen 
that  animals  vaccinated  against  the  avian  vibrio  (vibrio  Metchuikovii) 
are  also  vaccinated  against  the  spirillum  of  cholera,  and  similar  re- 
sults have  been  ol>tained  by  others.  The  chief  difficulty,  however,  is 
the  difference  which  exists  between  the  experimental  choleraic  peri- 
tonitis of  the  guinea-pig  and  human  cholera.  In  tlie  first  of  these 
affections,  the  bacterium  is  found  in  the  tissues,  where  it  develops 
freely  if  nothing  occurs  to  j)revent,  and  it  produces  a  typical  infection 
in  these  animals;  but  in  man  the  condition  of  things  is  very  difiVr- 
ent:  the  bacterium  remains,  so  to  speak,  outside  of  the  orgauinui. 
It  develops  in  the  intestines,  where,  even  if  it  occurs  at  all,  phago- 
cytosis  cannot  be  very  active,  and  there  secretes  its  jioisims,  whicli 
upon  absorption  give  rise  to  the  phenomena  of  choleraic  intoxication. 
The  two  couditi<mH,  therefore,  are  entirely  different,  and  the  (jiiestiuu 
would  arise  wliether  the  preventive  measures  that  are  efficacious 
against  onf>  would  be  active  against  the  other;  however  this  may  bo, 
the  euthiLsiastic  reports  of  tlie  results  of  Haffkiiie's  inoculations 
against  cholera  in  India  would  lead  us  to  suppose  that  the  [jractical 
application  of  experimental  results  had  liepu  more  succpssfnl  than 
the  experimental  results  themselves  might  warrant  us  in  h(jpiug  for. 

Tet.\nu8. 

Tetanus  and  diiihtheria  are  the  two  disea.sps  to  which  most  atten- 
tion has  been  paid,  no  far  as  immunizing  human  boings  is  concerned. 
Many  authors,  including  Nicolaier,  Fliigge,  Roseubach,  Nocard, 
Brieger,  and  others,  have  worked  upon  the  tetanus  toxin,  whicli 
was  esjiecially  studied  by  Vaillard  and  Vincent,  in  ISill.  It  is  easily 
to  be  obtained  by  filtering  through  porcelain  bouillon  in  whidi  lias 
grown  the  bacillus  of  tetanus,  and  extremely  strong  fluids  can  be  ob- 
biined  by  making  a  number  of  generations  of  bacteria  grow  in  the 
same  bouillon.  Figures  are  almost  powerless  to  give  an  idea  of  the 
enormous  sti-ength  of  this  toxin ;   a  thousandth  of  a  cubic  centimetre 
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will  kill  an  adiiU  guinea-pig,  and  a  hondred-thoiisandth  will  rapidly 
prove  fatal  to  a  mouse.  When  one  understands  that  out  of  1  c.c.  of 
the  bouillon  there  can  be  obtained  upon  evaporation  scarcely  0.025 
gm.  of  organic  matter,  that  is  necessarily  not  all  toxin,  it  can  be  seen 
that  the  dose  of  the  tetanus  toxin  necessary  to  kill  a  guinea-pig  is 
less  than  0.000025  gm.,  and  that  for  a  mouse  one  reaches  the  incon- 
ceivable amount  of  0.00000025  gm.  Man  himself  would  appear  to  be 
one  of  the  most  sensitive  animals  to  the  tetanus  bacillus.  Thus  we 
have  the  account  of  a  French  observer  who  scratched  himself  very 
slightly  with  a  syringe  needle  barely  moistened  with  the  filtered  fluid 
of  the  tetanus  culture,  and  in  spite  of  the  almost  infinitesimal  amount 
inoculated  was  affected  with  a  typical  generalized  tetanus  at  the  end 
of  four  days.  Various  opinions  as  to  the  nature  of  this  poison  have 
been  expressed.  It  has  been  considered  a  ptomain,  then  a  toxalbu- 
min,  and  finally  a  diastase ;  the  latter  opinion  being  based  upon  its 
extreme  activity,  its  sensitiveness  to  heat,  and  the  ease  with  which 
it  fixes  itself  upon  amorphous  precipitates.  Courmont  and  Doyon 
carried  the  analysis  further,  basing  their  observation  upon  the  fact 
that  tetanus  poison  needs,  no  matter  what  the  dose,  a  certain  period 
of  incubation.  The^-  think  that  the  tetanus  toxin  is  not  toxic  of  itself, 
but  that  this  property  resides  in  the  secondary  products  that  it  pro- 
duces by  fermentation  in  the  tissues.  This  fermentation,  which  re- 
quires certiiin  conditions  of  temperature,  as  was  shown  by  experiments 
upon  frogs,  produces  a  substance  resembling  strychnine,  not  destroyed 
by  obuUitidu,  which  tliey  found  iu  the  muscles,  the  blood,  and  the 
urine,  and  which  would  produce  death  without  the  need  of  any  pericxl 
of  incubation.  If  the.so  conclusions  should  be  verified,  they  will  cer- 
tainly tlirow  new  li^ht  ui>ou  many  oUscuro  points  in  tetamis  as  well 
as  in  other  toxic  disensos. 

Iiniiiit)i!ziifio)i. — The  doses  in  which  the  soluble  products  of  the 
tetanus  biicillus  are  toxic  for  animals  are  so  small  that  another 
method  of  obtjiiniug  immunity  is  to  be  followed  than  the  ordinary 
one  consisting  in  the  use  of  sterilized  cultures.  Behring  and  Kitasato 
succeeded  iu  producing  immunity  to  tetanus  by  following  the  inocu- 
lation with  an  injection  of  a  solution  of  trichloride  of  iodine;  later 
they  uddod  the  trichloride  to  the  tetanus  toxin,  and  after  a  definit<> 
period  of  time  injected  the  mixture,  Imt  the  results  were  uncertain, 
many  aiiiniiils  dying  under  the  inoculations.  IJrieger,  Kitasato,  and 
Wassennjiiin  inoculated  a  mixture  of  a  culture  oi  tetanus  spores  and 
bouillon  from  tlie  thymus  gland,  of  the  first  one  part,  and  of  the  sec- 
f)ii(l  two.  Yailhird  and  Koux  later  ado])ted  a  method  of  adding  the 
toxin  to  wator  containing  one  five-hundredth  part  of  metallic  iodine, 
and  mixing  it  with  the  filU^ed  culture  fluid  in  a  proportion  of  one  to 


8EBUM  TREATMENT  DJ   HUMAN  DISEASE.  257 

five;  4  c.c.  of  this  mixture  could  be  injected  into  a  rabbit  without 
accident,  and  uj)on  injecting  every  three  days  a  mixture  in  which  the 
iodine  water  was  in  a  continually  diminishing  proportion,  it  was  pos- 
sible to  increase  gradually  the  dose  of  the  tetanus  toxin,  and  to  obtain 
with  certainty  complete  immunity.  Guinea-pigs  and  rabbits  had  to 
be  immunized  with  very  much  smaller  doses  to  begin  with.  The 
most  curious  phenomenon  resulting  from  these  different  methods  of 
immaoiziDg  is  beyond  question  the  antitoxic  power  of  the  serum  of 
the  vaccinated  animals.  It  is  not  possible  to  believe  that  thi.s  anti- 
toxic power  is  entirely  a  function  of  the  refractory  condition  of  the 
animals ;  for  example,  Vaillard  demonstrated  tbat  in  vaccinating  a 
rabbit,  not  with  the  toxin,  but  with  gradually  increasing  doses  of  tet- 
anus spores  well  washed,  and  with  a  little  lactic  acid  added,  it  was 
possible  to  immunize  this  animal  completely',  while  its  serum  did  not 
become  antitoxic,  and  he  also  demonstrated  that  tlie  blood  of  chickens 
naturally  refractory  Ui  the  Imcterium  of  tetanus  possesses  no  anti- 
toxic power,  but  that  it  acquired  this  power  as  a  result  of  the  injec- 
tion of  the  tetanus  toxin.  Behring  and  Kitasato  were  the  first  who 
demonstrated  the  antitoxic  proiwrty  of  the  blood  of  animals  vacci- 
nated against  tetanus.  In  their  first  note  in  1890,  they  advance  the 
following  i)ropo8itions :  1.  The  blc)od  of  a  rabbit  refractory  to  tet- 
anus is  capable  of  destroying  the  tetanus  toxin.  2.  Tliis  property 
can  be  demonstrated  in  the  bloo<l  drawn  from  the  vessels  and  in 
the  serum,  freed  of  all  cells,  which  comes  from  it.  3.  This  property 
is  so  lasting  that  it  persists  even  after  transfusion  into  other  ani- 
mals, and  it  thus  permits  of  the  use  of  the  serum  in  the  treatment 
of  the  disease.  4.  This  property  is  not  present  in  tlie  Mood  ><{ 
non-refractory  animals,  and  tlie  tetanus  bacillus  cau  he  found  after 
their  death  in  the  blood  and  other  fluids.  Uufortimatelv',  control 
experiments  made  it  necessary  to  lie  a  little  more  guarded  in  those 
statements.  Tizzoui  and  Cattaui,  in  IH'.U,  made  some  limitations  so 
far  as  the  cure  of  animals  already  in  the  stage  of  contracture;  and 
Kitjisatfi,  in  18'.i'2,  acknowledged  that,  while  the  antitoxin  was  ex- 
tremely effioatrious  when  injected  before  or  a  little  while  after  the 
toxin,  it  was  often  inefficacious  when  emploved  towards  the  end,  or 
after  the  apfjearauee  of  the  tetjiuic  symptoms.  The  rfsultn  of  nmre 
recent  work  by  Behring  and  others  have  .'^hown  thai  the  cures  of  tot- 
anns  with  serum  are  not  so  frequently  obtained  nor  so  prompt  as  it 
had  been  hoped  they  would  Iw.  Roux  and  Vailliird  reached  thi*  fol- 
lowing conclusions:  1.  The  antitoxic  serum  will  surely  i)reveut  ti't- 
anas  even  in  very  small  dosea  when  it  is  injected  before  the  tetanus 
toxin.  2.  'WTien  the  serum  is  injected  at  the  same  time  as  the  toxin, 
a  local  tetanus  is  usually  seen,  even  when  the  quantity  of  the  serum 
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injected  is  very  great.  3.  WLbd  the  serum  is  injected  after  the 
toxin,  but  before  the  appearance  of  any  tetanus  symptoms,  there  is 
always  a  local  tetanus,  and  the  dose  of  serum  necessary  to  prevent 
death  is  much  gi'eater  than  when  it  is  injected  soon  after  the  infeo- 
tinu ;  after  a  certain  time  has  elapsed,  varying  with  the  animals,  pre- 
vention is  not  possible  even  with  large  quantities  of  serum.  4. 
Tetanus  is  more  or  less  rapid  in  its  onset,  and  therefore  more  or  lesa 
difficult  to  preveut,  according  to  the  place  where  the  injection  of  the 
toxin  is  made;  inoculations  in  the  thorax  or  abdomen  are  more 
rapidly  fatal  than  those  made  in  the  extremities.  5.  When  the  in- 
fection is  produced  by  the  tetanus  bacillus  developing  in  the  tissues, 
the  i>revention  depends  upon  the  quantity  of  serum  injected,  and  the 
time  which  has  elapsed  from  the  moment  of  injection  of  the  virus  to 
that  of  inoculation  of  the  serum ;  it  fails  most  often  when  the  animala 
are  inoculated  in  a  manner  to  have  a  rapid  tetanus,  but  it  succeeds  io 
the  mild  infections ;  in  these  cases  prevention  is  not  always  absolute, 
and  if  the  focus  is  not  removed  the  disease  which  apiie-ars  to  be 
arrested  uiay  take  up  its  course,  and  death  may  then  occur  after  a 
very  long  time.  Unfortunately,  ami  contrary  to  the  first  opinion  of 
Behriiig  and  Kita.sato,  the  results  obtained  in  attempting  to  cure 
declarp<l  tetanus  in  animals  are  not  so  encouraging  as  those  following 
attempts  at  its  jirevention.  Vaillard  and  Rous  have,  in  fact,  shown 
that  it  is  extremely  difficult  to  cure  declared  tetanus  in  animals,  and 
tliey  say  in  explanation  that,  at  the  moment  of  the  apiiearauce  of  the 
first  symptoms,  the  quantity  of  toxin  elaborated  is  most  frequently 
sufficient  to  destroy  the  animal  in  its  action  upon  the  cells,  and  the 
antitoxin  i-au  dn  nothing  against  a  poisoning  already  complete*!. 
Large  doses  f(f  a  very  active  serum  have  always  proved  jjowerless 
against  a  tetanus  taking  a  rapid  course,  but  notwithstanding  this, 
experiments  in  the  curative  use  of  tlie  serum  in  human  beings  have 
been  sufficiently  encouraging  to  warrant  its  employment  in  any  case 
when  it  can  be  olitained.  The  experiments  of  Courmont  and  Devon 
upon  the  nature  and  nioile  of  action  of  the  tetanus  jKJWon  lead  them 
to  lielieve  that  it  is  not  to  the  toxin  itself  that  the  accidents  of  the 
disease  are  due,  the  toxin  acting  only  as  an  ettzijme,  producing  a  fer- 
meutatiou  in  the  tissues,  but  it  is  the  products  of  this  fermentation 
endowed  with  toxic  properties  that  act  directly  upon  the  nervous  ele- 
ments. Reasoning  from  experiments  made  upon  the  frog  under  diflfer- 
eut  conditions  of  tempeniture,  they  conclude  that  warmth  is  necessary 
for  the  production  of  this  fermentation,  the  frog  not  becoming  tetanic 
if  it  1>e  kept  at  a  low  temperature  after  the  inoculation  of  the  toxin. 
They  rely  for  tlie  HUitjtort  of  their  conclusions  u]ion  the  presence  of 
a  substance,  acting  like  strychnine,  in  the  bodies  of  animals  dead  of 
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tetanus,  and  upon  the  constant  existence  of  a  latent  period  between 
the  injection  of  the  toxin  and  the  apjiearance  of  results,  no  matter 
what  the  dose  of  the  poison  employed.  If  these  opinions  be  adopted, 
it  is  easy  to  understand  the  inefiScacy  of  treatment  after  the  symp- 
toms have  appeared,  since  the  action  of  the  serum  is  especially  upon 
the  enzjme,  preventing  or  modifying  the  fermentation,  the  soui'ce  of 
the  toxic  products,  either  directly  or  by  putting  in  action  the  means 
of  defence  of  the  organism ;  but  once  the  strychnine-like  poison  has 
formed,  the  serum  is  useless  against  it. 

Diphtheria. 

Tlie  DipJitlieritic  Toxin. — In  animals  dead  of  diphtheria,  the  bacilli 
are  not  found  in  numbers,  except  at  the  point  of  inoculation,  aud  in 
no  ciise  do  they  invade  the  whole  organism  as  do  the  bacilli  of  an- 
thrax. The  question  therefore  arose,  how  it  was  possible  for  the 
disease  to  produce  the  death  of  animals  in  so  sliort  a  time  as  it  did. 
Loeffler  ami  Oertel  suggested  the  hypothesis  of  a  jMjison  secreted  liy 
the  bacteria,  and  Ronx  and  Yersin  furnished  the  experimentjil  ]>roof 
of  the  existence  of  a  diphtheritic  toxin  by  tilteriug  cultures,  imd  re- 
I>roducing  the  picture  of  the  disease  by  the  injection  of  the  iiuid  thus 
freed  of  bacteria.  It  is  freijuently  possible  in  this  way  to  kill  guiuea- 
l»igs,  rabbits,  and  even  dogs  in  twenty-four  hours;  ujjou  examination 
there  is  found  at  the  point  of  inoculation  au  <X'deinatous  exudate,  the 
lymphatic  glands  are  congested,  the  small  intestine,  lungs,  and  supra- 
renal capsules  are  hypertemic,  and  tlie  pleural  cavity  ofteu  coutaioa  a 
serous  fluid;  if  death  is  less  rapid,  the  moat  marked  symptoms  are 
progressive  cachexia  and  diarrhcea,  and  the  liver  usually  becomes 
fatty  degenerated;  with  still  smaller  doses,  it  is  possiliL^  to  jiroduee 
paralyses  precisely  like  those  that  are  to  Vie  observed  in  man,  which 
may  terminate  fntaUj-  or  may  go  on  to  cure.  The  culture  media  may 
present  very  considerable  variations  in  tnxicitv'.  In  their  first  me- 
moir, Roux  and  Tersin  a]>eak  of  the  injection  of  30  c.c,  while  later 
Roui  and  Martin  considered  the  dose  of  one-tenth  of  a  cubic  centi- 
metre should  be  the  standard,  and  slioidd  jiroduce  deatli  in  ffirty-oiglit 
hours  in  a  500-gm.  guinea-pig;  and  still  more  recently,  toxins  uf  very 
much  greater  strength  have  been  obtained,  so  that  even  one  one-hun- 
dredth of  a  cubic  centimetre,  or  less,  has  been  fatal  to  guiuea-pigs  of 
this  size.  The  causes  of  this  variation  in  the  strength  of  the  toxins 
produced  have  been  the  subject  of  much  study.  The  first,  and  per- 
haps the  most  important  cause,  is  the  age  of  the  culture;  at  firat, 
when  the  bouillon  becomes  acid,  no  trace  of  the  toxin  is  found ;  later, 
when  the  alkalinity  appears,  i)robably  due  to  the  oxidation  of  the 
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orgajsic  material,  the  toxiu  develops  rapidly.  Free  access  of  air  is 
an  important  factor  in  the  production  of  toxin,  and  certain  experi- 
menters lay  great  stress  upon  tlie  necessity  of  the  absence  of  muscle 
sugar  in  the  meat  from  which  the  bouillon  ia  prepared.  It  is  inter- 
esting to  recognize  that  most  of  these  conditions  are  those  which  the 
bacilli  of  diphtheria  encounter  in  the  false  membranes  in  the  re- 
spiratory tract,  and  in  this  way  may  be  explained  the  rapid  intoxica- 
tion which  they  produce.  The  production  of  the  toxin  was  supposed 
also  to  be  i>roixirtioual  to  the  degree  of  virulence  of  the  bacillus,  but 
less  importance  is  placed  upon  this  jxiint  now  than  in  the  early  ex- 
periments ujjon  this  subject.  The  fluid  after  being  filtereti  through  a 
Chamberlaud  filter  may  preserve  its  toxicity  for  a  very  long  time,  if 
kept  in  closely  stoppered  bottles  and  away  from  the  light.  The  in- 
fluence of  air  and  of  light  has  a  marked  eflFect  upon  the  toxin.  Roox 
and  Yorsin  showed  that  a  fluid  toxic  for  guinea-pigs  in  a  dose  of  one- 
eighth  of  a  cubic  centimetre  killed  them  only  very  slowly,  and  in  a 
dose  of  not  less  than  1  c.c,  after  two  hours'  exposure  to  the  sun  in 
vessels  opened  to  the  air,  and  produced  only  a  local  cadema  aft«r  five 
hours;  while  the  same  fluid  exposed  to  the  sun  for  the  same  length  of 
time,  in  well-closed  tubes,  lost  only  a  small  part  of  its  toxic  ix>wer. 
Heat  also  acts  very  powerfully  upon  the  diphtheritic  toxin ;  an  expo- 
sure to  12()°  0.  for  twenty  minutes  makes  it  harmless,  or  at  least  weak- 
ens the  poison  so  that  it  kills  animals  only  very  slowly  and  in  very 
large  doses.  The  aciditj-  of  the  medium  is  a  very  unfavorable  con- 
dition for  the  action  of  the  diphtheria  toxin.  It  has  been  seen  that 
while  lu'id  the  cultures  were  only  slightly  toxic,  and  it  ia  possible  to 
dimiiiisli  then  action  very  considerably  by  adding  to  the  fluid  small 
tjuatitities  of  lactic  or  tartaric  acid,  suflicient  to  render  an  injection  of 
1  c.c.  active  in  a  gtiiiie!i-j)ig.  The  neutralization  of  this  added  acid 
brings  Iwick  incomjiletely  the  previous  toxic  power  of  the  cultures. 
Certain  chemical  agents  also  act  upon  the  diphtheria  poison ;  the  peptic 
ferments,  such  as  ]>e]iHiii  or  trypsin  destroy  it,  prolonged  contact  with 
alcoliol  modities  it  very  greatly  ;  but  the  most  jKiwerful  agents  are  the 
oxidizing  ones,  permanganate  of  potassium  destroying  the  diphtheria 
toxin  cmiipletely,  while  reducing  agents  have  no  influence  on  it;  the 
alkaline  liyjiocldmit^'H  and  tlie  chlorite  of  calcium  modify  it,  but  in  a 
less  regular  manner  than  icxline,  the  latter  acting  as  in  the  c^ise  of  the 
tetanus  tnxin.  Tlie  addition  of  Gram's  mixture  to  the  diphtheria 
toxin  enables  aiiiinals  to  withstand  otherwise  fatal  doses,  and  it  is 
upon  this  property-  that  tlie  nietliod  of  immunization  that  is  used  at 
the  Pasteur  Institute  is  ba.sed.  Tliis  toxin,  so  called,  is  merely  the 
culture  fluid  filtered  tbrough  porcelain.  Further  analysis  has  not 
yet  determined  its  exact  nature.     Ronx  and  Yersin  suppose  it  to  be  a 
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diastase,  while  Brieger  and  Fraeukel  considei-ed  it  a  tosalbumiDoid 
that  can  be  precipitated  after  treatiug  the  filtered  fluid  with  alcohol. 
Inoculated  iu  aaimals  this  was  toidc  in  a  dose  of  10  mgm.  They  con- 
sidered this  to  be  the  pure  toxin,  but  their  couclusions  are  apparently 
not  well  founded.  The  size  of  the  dose  necessary  to  secure  a  fatal  re- 
sult would  seem  to  indicate  that  the  poison  obtained  by  Brieger  and 
Fraenkel  was  certainly  impure,  forRoux  and  Yerain  isolated  a  i)roduct 
which  they  considered  impure,  but  which  killed  guiuea-jiigs  in  a  dose 
of  two-tenths  of  a  niiUigram.  Guinoehet  and  Ouchinsky  have  directly 
■weakened  the  hy[>othesis  of  the  albuminoid  nature  of  the  tliphtheria 
toxin  In-  cultivating  the  bacillus  of  diphtheria  on  alkaline  secretions, 
and  obtaining  cultures  possessed  of  a  certain  toxic  power  which  did 
not  contain  any  proteid  material,  so  that  the  evidence  tends  in  the 
direction  of  Roux's  hypothesis  of  the  diaatatic  nature  of  the  diph- 
theria poisou. 

Immuni'zctliw). — Roux  and  Yersin  failed  in  their  attempts  at  vac- 
cinating animals  against  the  diphtlieria  bacillus  or  the  tliphtheria 
toxin.  C.  Fraenkel  succeeded  in  immunizing  guiiiea-[)igs  agaiust 
the  subcutaneous  injection  of  virulent  cultures,  but  not  against 
dijjhtheria  of  the  mucous  membranes.  To  obtain  this  result,  he 
heated  the  fluid  containing  the  toxin  for  an  hour  tr>  Go"  or  70"  0.,  aud 
injected  10  to  20  c.e.  under  the  skin  or  into  the  jieritoneum  of  guiuea- 
I>ig8;  these  grew  somewhat  thin,  then  at  the  end  of  fifteeu  days  were 
suflicieDtly  immunized  to  receive  without  trouble  pretty  considerable 
doses  of  virulent  cultures.  Fraenkel  worked  ujjou  the  idea  at  that 
time  somewhat  believed  iu,  that  this  degree  of  heat  destroyed  the 
toxic  material  aud  allowed  an  immunizing  substance  to  remain,  which 
latter  was  destructible  only  by  raising  the  temjiei'ature  to  from  00"^  to 
100°,  but  nothing  has  occurred  since  that  time  to  support  that  hypoth- 
esis. Shortly  afterwards  apjjeared  the  first  work  of  Behring  on  anti- 
diphtheria  vaccination;  iu  this  he  gave  four  new  procedures  for 
immunizing  animals  as  follows:  1.  The  injectifm  of  vinileut  cultures, 
or  filtered  cultures  with  the  trichloride  of  iodine  ailded.  2.  The  in- 
jection of  the  pleuritic  exudate  of  guinea-]iigs  that  hail  died  of  the 
diphtheria  infection.  3.  The  infection  of  animals  by  the  diphtheria 
bacillus  with  later  treatment  by  the  trichloride  of  iotliue.  4.  The 
preliminary  treatment  of  animals  %vith  oxygenated  water.  These  va- 
rious methotlB  failed  to  give  succesMful  results  iu  the  hands  of  other 
experimenters,  with  the  excejitiou  of  that  of  the  trichloride  of  iodine, 
and  this  method  demands  such  precautious  that  almost  a  year  is 
necessary  to  reach  a  very  slight  degree  of  immunity.  Sn  slight  were 
the  results  from  these  methods,  that  an  late  as  July,  I8'.)2,  Behring, 
Kitasato,  and  Wassermann  wrote  that  there  was  no  ceitain  method 
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known  .or  immunizing  against  diphtheria.  The  lack  of  success  in 
most  of  these  experiments  lay  in  the  choice  of  animals  which  were 
the  most  susceptible  to  diphtheria,  so  that  their  immunization  was  as 
difiScult  as  their  susceptibility  was  great,  and  it  was  not  until  less 
susceptible  animals,  as  the  dog,  were  used,  by  Aronaon  and  Bardach 
as  well  Behring,  that  great  success  was  obtained. 

lu  1892  Behring  and  Wernicke  suggested  two  new  methods,  the 
first  that  of  inserting  under  the  skin  of  rabbits  the  precipitated  phos- 
phate of  calcium  dried,  powdered,  and  previously  heated  to  77° ;  the 
second,  the  ingestion  of  the  diphtheria  poison  and  its  absorption  by 
the  digestive  tube.  Wernicke  secured  immunity,  or  thought  he  did, 
by  feeding  a  dog  upon  the  flesh  of  immunized  sheep ;  the  animal  thns 
nourished  appeared  to  be  refractory,  but  the  immunity  was  not  very 
durable.  He  succeeded  also  in  immunizing  dogs  by  the  injection  of 
old  cultures,  at  first  with  carbolic  acid  added,  then  pure,  followed  by 
increasing  doses  of  a  very  virulent  culture.  Roux,  meanwhile,  car- 
ried on  his  investigations,  which  were  communicated  to  the  Inter- 
national Congress  of  Hygiene  and  Demography  at  Budapest.  He 
selected  the  horse,  which  is  comparatively  easy  to  immunize,  and 
which  furnishes  a  large  supply  of  serum.  He  employed  the  method 
used  by  Boux  and  Yaillard  in  tetanus  immunization,  consisting  in 
adding  to  the  toxin  trichloride  of  iodine,  which  diminishes  its  tox- 
icity to  a  very  great  degree.  In  the  beginning  there  is  added  to  the 
toxin  one-tenth  by  bulk  of  Gram's  solution,  and  a  quarter  of  a  cubic 
centimetre  of  this  mixture  is  injected  into  the  horse,  and  if  no  reaction 
is  i)roduced,  the  dose  may  be  increased  within  a  day  or  two  to  half  a 
cubic  <'ontiniptre,  and  ho  on,  up  to  1  c.c. ;  then  the  i)ure  toxin  may  be 
used  in  a  done  of  a  cjuarter  of  a  cubic  centimetre,  gradually  increasing 
until  5  o.c.  lijus  been  reached;  then  the  horse  may  be  considered  as 
refractory.  The  immunity  is  still  further  increased  by  inoculating  in- 
creasing doHos  of  tlie  poison,  and  these  are  pushed  so  far  that  at  the 
end  of  two  or  throe  moutlis  the  animal  is  able  to  withstand  without 
any  reaction  whatever  at  least  250  c.c.  of  the  filtered  culture. 

AntidiphfhcnCic  Sermii. — The  i)aper  of  Behring  and  Kitasato,  pub- 
lished in  Deoonil)er,  IHOO,  marked  the  1)eginning  of  a  new  era  in  the 
history  of  soram  therapeuticH.  In  tliis  i)ai)er,  they  made  these  four 
statemontH:  1.  The  blood  of  an  animal  immunized  against  diph- 
theria is  able  to  doHtroy  the  poison  of  the  disease.  2.  This  proi>erty 
can  l)e  denionstrat<>d  in  the  blood  taken  from  the  vessels  and  also  in 
the  serum  wliich  comes  from  it  freed  from  all  corpuscles.  3.  This 
projK'rty  is  ho  durable  tliutit  ]torsiHts  <>v(>n  aft<>r  transfusion  into  other 
animals,  and  can  thus  l>e  us(m1  in  the  treatment  of  the  affection.  4. 
This  proi)erty  is  wanting  in  the  blood  of  non-refractory  animals,  and 
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the  poisou  can  be  discoveretl  after  their  death  iii  the  blocxl  and  other 
dukls. 

These  propositioua  are,  of  course,  the  same  aa  those  that  applied 
to  tetanus,  but  they  form  the  beginning  of  the  first  definite  and  suc- 
cessful attempts  in  the  application  of  serum  in  therai>eutic8.  Mauy 
obsen-ers,  Behring  and  his  asaLstiints,  including  Wernicke,  Boer, 
Kossel,  and  Knor,  have  carried  out  exi^rimeiits  proWng  the  truth  of 
these  propositioDs.  As  in  the  case  of  tetanus,  the  mixture  of  the 
diphtheria  toxin  with  the  senim  of  immune  animals  can  l»e  injected 
into  other  animals  without  produeiag  any  unfavorable  result.  The 
previous  injection  of  the  serum  also  preserves  tliein  from  the  effects 
of  many  times  the  fatal  dose  of  the  toxin.  In  no  case,  htjwever,  has 
the  serum  of  animals  most  perfectly  immunized  shown  itself  as  active 
a-s  that  of  horses  immunized  against  tet«inus;  iu  fact,  while  it)  the 
latter  it  is  jjossible  to  obtain  a  serum  which  is  active  iu  a  dose  of  the 
one-hundretl  millionth,  the  preventive  power  of  tlijditheria  serum  does 
not  surpass  in  most  cases  a  one-hundred  tliousandth  ;  Imt  it  is  inter- 
esting to  know  that,  even  if  the  antitoxic  and  preventive  prol^ertie.s  are 
more  feeble,  the  curative  action  is  much  greater,  for,  whereas  iu  ti^t- 
anus  the  use  of  the  senim  is  for  the  moat  ]iart  useless  after  the  Hyiti[H 
toms  have  apjjeared,  it  is  possible  to  save  animals  attacked  with 
diphtheria,  even  when  the  disease  is  well  advanced.  Experimentally, 
the  amount  of  serum  necessary  to  pre.serve  animals  inoculated  with 
toxin  is  proportional  to  the  time  tJiat  has  elajmed  siuce  the  introduc- 
tion of  the  poison ;  after  twelve  hours  the  serum  seems  to  be  jiower- 
less,  and  tlie  animals  die  very  little  later  than  the  controls,  but  tiie 
serum  appears  to  l>e  much  more  active  if  cultures  are  emjiloyed  rather 
than  the  toxin,  a  condition  that  to  the  French  ap[>ears  more  nearly  to 
approach  the  clinical  conditions.  It  is  ])OHsihle  to  cure  guinea-pigs 
by  treating  them  twelve  to  eighteen  hours  after  the  infection,  when 
the  controls  die  in  from  twenty-four  to  thirty  hours ;  so  long  as  the 
temperature  is  elevated  and  has  not  shown  the  aute-iu«>rti>iti  depres- 
sion, the  injection  of  large  (luautities  of  serum  may  be  curative.  In 
order  to  come  as  near  as  possible  to  the  varying  clinical  c<Judition9, 
Roux  and  Martin  among  others  studied  the  effects  of  the  soruiu  upon 
iliphtherias  complicated  by  associatitm  with  other  bacteria;  that  with 
the  streptococcus  is  especially  frequent  and  severe,  and  inoculation 
in  the  tracheji  of  a  rabbit  of  a  mixture  of  streptoctwcus  an<l  diplitlioria 
bacillus  produces  death  in  twenty -four  hours,  the  result  of  broncho- 
pulmonary inflammations.  Under  such  conditions,  the  cure  is  much 
more  difficult,  and  the  use  of  the  serum  must  be  very  pr<mi]>t.  Iu 
the  experiments  of  Roux  and  Martin,  only  those  animals  were  saved 
in  which  the  serum  was  used  at  most  six  hours  after  the  iuoculatiou, 
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and  at  this  extreme  it  is  necessary  to  use  a  number  of  injections;  after 
twelve  hours  any  intervention  appeared  to  lie  useless.  The  exjieri- 
mental  results  justified  beyond  question  the  use  of  the  autidiphtheritic 
serum  in  human  beings,  and  the  results  of  this  clinical  use  have  even 
surpassed  the  hope  that  was  aroused  by  the  laboratory  experi- 
ments. 

Serrtm  Treatment  in  Suman  Diphtheria. — The  first  attempts  were, 
however,  not  very  encouraging,  and  in  1892  Henoch  reported  tbe^nega- 
tive  results  that  he  had  obtained  with  the  antitoxic  serum  of  Behring. 
The  first  statistics  ]>ublirtbed  were  those  of  Schubert,  34  cases,  with  a 
mortality  of  IH  j>er  cent.,  and  those  of  Canon,  15  cases  with  20  per 
cent,  mortalitv  ;  Cosel  reported  the  use  of  the  serum  in  233  children, 
with  33  per  cent,  moiiality,  and  he  showed  that  the  number  of  deaths 
was  very  much  less  the  nearer  to  the  beginning  of  the  disease  the 
treatment  was  made,  having  had  ICK)  per  cent,  recoveries  in  patients 
above  nine  years  of  age.  Korte  published  the  results  in  121  children 
treated  in  the  Urban  Hospitjil  in  Berlin,  the  mortality  l>eing  33  per 
cent.,  while  it  ran  up  to  53  per  cent,  in  another  series  of  106  treated 
liy  tlie  ordiuar\-  methods.  These  patients  were  treated  with  serum 
jirejiared  liy  Behring.  Soon  after,  Katz  and  Baginsky,  using  Aron- 
son's  serum,  showed  a  mortality  of  13  per  cent,  in  a  series  of  128 
cases  (if  children  under  Katz,  and  in  another  of  1G3  cases  under  Ba- 
ginsky. Rnux  puhlislied  later  the  results  obtained  under  his  direc- 
tion by  Martin  C'hiidlou  in  the  Hospital  of  the  Infant  Jesus  in  Paris. 
The  most  careful  Iwicteriological  and  clinical  ol>8ervation8  were  made, 
and  the  coiu-lusinns  were  tlierefore  very  much  more  important  than 
any  that  had  been  iirevinnsly  published.  Of  300  cases  forming  the 
basis  of  the  report,  169  were  of  anginas  without  any  broncholaryn- 
geal  comi>licatiouH,  aud  131  were  of  actual  diphtheritic  croup.  In 
tlip  fir.st  set,  the  anginas  due  only  to  the  diphtheria  bacillus,  and 
tlinsc  with  other  bacteria  as.sociated,  are  to  be  diflferentiated;  the  first 
werti  120,  of  whom  0  only  diwl,  and  of  these  9,  7  died  during  the  first 
twenty-four  hnurs  in  the  hospital ;  if  we  throw  tliem  out,  there  results 
a  percentage  of  mortality  of  1.7,  as  against  41  per  cent.,  which  was 
the  mortality  litfnre  the  iutroduetiou  t>f  the  diphtheritic  serum.  In 
the  total  of  the  .100  cases  of  dijihtheria,  of  all  kinds,  there  were  78 
deaths,  about  2(\  per  cent.,  while  former  statistics  gave  a  mortality  of 
50  per  cent,  and  over,  which  mortality  rose  to  60  j>er  cent,  at  the 
Trniisseau  Hospital  during  the  six  months  that  the  serum  treatment 
was  being  exjiGrimeuted  with  at  the  Hospital  of  the  Infant  Jesm. 
These  results  have  only  been  coufirnied  liy  those  reported  from  all 
parts  of  the  world  since  that  time.  Thus  in  the  Boston  City  Hos- 
pital, where  the  mortiility  liefore  the  use  of  serum  ran  between  45  and 
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60  per  cent. ,  the  mortality  since  the  use  of  the  serum  has  Ijeen  between 
13  and  14  i)er  cent. 

Tim  Mode  of  Action  cif  the  Aiifkliphtheriiic  Serum. — After  the  dis- 
covery of  Behriug  and  Kitasato  it  was  thought  to  Iw  certaiu  that  the 
poison  was  destroyed  by  its  mixture  with  the  autitoxiu,  even  in  spite 
of  certain  experiments  of  Buchuer,  but  the  discovery  of  the  preventive 
action  of  the  serum  of  animals  immunized  in  affections  in  which  it 
was  impossible  to  suggest  the  antitoxic  action  has  certainly  weak- 
ened or  confosed  this  settled  conception.  It  would  ajuiear  as  if  the 
substances  themselves  were  not  neutralized,  but  merely  their  physio- 
logical action ;  in  fact,  when  the  mixture  of  one  ]>art  of  serum  and  of 
nine  {larts  of  toxin  does  not  produce,  when  injected  under  a  guinea- 
pig's  skin,  any  local  or  general  reaction,  it  will,  when  injected  into  the 
cellular  tissue  of  the  rabbit,  produce  a  well-marked  oidema,  and  may 
even  cause  the  death  of  the  animal  if  injected  into  the  veins;  the 
poison,  therefore,  still  remains  active,  but  the  serum,  leaving  the 
toxin  intact,  renders  the  cells  of  the  organi.sm  resistant  to  its  actiou- 
Rtux  and  Martin  found  that  guinea-pigs  in  api>areutly  perfect  health, 
which  had  been  some  weeks  before  inoculated  against  cholera,  or  with 
the  bacillus  prodigiosua,  or  with  the  bacillus  of  Kiel,  died  no  later 
than  the  controls  after  inoculation  of  the  diphtheria  bacillus  <jr  its 
toxin,  and  this  in  sjiite  of  iarge  doses  of  serum.  It  ma\'  therefore  be 
deduced  from  these  facts  that  the  serum  acts  ujiou  tbe  organism  itself, 
a  very  varying  factor,  and  not  upim  the  toxin.  That  this  actiou  upon 
the  organism  is  manifest  by  an  increase  of  the  jihagocytic  activity', 
Gabritchewsky  Las  attempted  to  ]»rove  liy  studies  upon  the  varying 
conditions  of  leucocytosis,  and  his  c<:)ncliLsious  are  tLat  the  influence 
of  the  serum  makes  itself  felt  on  the  cells  of  the  organism,  and  espe- 
cially upon  the  jihagfX'.ytes  whose  activity  and  jirotectiug  role  it 
develo]>s  by  making  them  less  sensitive  to  the  hurtful  action  of  the 
bacterium  or  of  its  toxins. 

Serum  Treatment    in  Poisoning   by   Vegetable   Toxalbu- 
mins,  and  the  Venoms  of  Serpents. 

The  use  of  the  serum  of  immunized  persons  has  not  been  limited 
to  the  infectious  diseases  only,  but  attempts  have  also  l>eeu  made  to 
carry  out  such  experiments  im  against  the  toxalbumius  of  vegetables 
and  the  venoms  of  serpents.  One  of  the  best  arguments  in  favor  of 
the  antitoxic  theory  of  the  fluids  of  the  blootl  is  without  i|uestiou  fur- 
nished by  the  researches  of  Ehrlicli  on  tlie  actiou  of  tlie  liloud  serum 
of  animals  immunized  against  ceiinin  vegetable  poisons.  The  sub- 
stance exiwrimeuted  upon  belonged  to  a  special  category,  and  cer- 
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tainJy  resembled  albuminoid  luaterials,  snch,  for  example,  as  the 
experiments  with  abrine  obtaiued  from  je(}uirit>',  aud  riciue.  Ebrlich 
Bhcwed  that  animala  which  receivetl  leas  tliaii  fatal  doses  of  these  poi- 
sons became  yery  rapidly  accustomed  to  them,  and  they  soon  could 
withstand  euormona  doses  without  presenting  any  symptoms,  and 
he  also  discovered  that  if  their  serum  were  mixed  with  these  v^e- 
table  toxins  the  latter  could  be  injected  without  inconvenience  in  fresh 
animals.  He  therefore  concluded  that  the  blood  of  immunized  ani- 
miihi  possessed  the  pro}>erty  of  destroying  these  poisons,  and  general- 
izing these  experiments  so  as  to  include  the  bacterial  poisons,  fol- 
lowing the  researches  of  Behring,  Kitasato,  and  Wassermann,  he 
formulated  a  theory  according  to  which  this  immunity  was  attrilmted 
to  the  neutralization  of  the  bacterial  toxins  by  the  tluids  of  the  body. 
These  researches,  according  to  the  French,  would  desen^e  more 
attention,  were  it  not  possible  to  establish  a  complete  analogy  Ije- 
tween  them  and  the  recent  experiments  made  in  France  regarding 
the  venom  <:)f  serpents.  The  similarity  which  exists  between  the  ven- 
oms and  the  bacterial  poisons  is  even  more  striking  than  tbat  between 
the  latter  aud  the  vegetable  toxalbumins  of  Ehrlich,  for  we  find  the 
same  obscurity  a.s  to  tlieir  chemical  constitution,  the  game  intensity 
of  action  in  minute  doses,  the  same  secretory  origin  of  living  bodies 
attempting  to  prepare  for  themselves  some  food,  and  the  very  great 
analogy  in  the  symptoms  produced.  This  is  more  than  is  necessary 
in  order  to  suppose  the  existence  l>etween  the  action  of  these  sub- 
stances of  a  very  slight  line  of  demarcation. 

The  Venoms  and  ANrrvENOMocs  Immunization. 

The  researches  of  Calmette  and  of  Phisalix  and  Bertrand  have 
shown  that  it  is  i>ossible  to  render  a  guinea-pig  completely  immune 
to  the  venom  of  serpents.  Phisalix  aud  Bertrand  have  especially 
studied  the  venom  of  the  viper,  and  have  found  that  this  substance, 
modified  by  heating  for  five  minutes  to  a  temperature  of  80°,  possessed 
immuuiziug  proi>erties.  Calmette,  using  the  venom  of  the  cobra,  tlid 
not  (jl)tiiiu  as  good  results  by  using  heat  for  attenuation.  He  pre- 
ferred to  inoculate  very  small  doses  of  active  venom,  increasing  them 
littlu  by  littlH  in  a  way  to  nljtaiu  a  pi'ogressive  immunity ;  but  the 
method  that  he  considers  the  Iwst  is  closely  allied  to  that  of  Boux 
and  Vuillard  iu  tetauuH  and  diiihtlieria.  This  consists  in  the  diminn- 
tiou  of  the  activity  of  the  j>oisou  by  the  addition  of  a  chemical  sub- 
stance; but  insteml  of  using  iodine,  Calmette  preferred  the  hypo- 
chlorites of  sodium  or  calcium,  in  very  dilute  solution,  one  part  in 
Bixtv.     The  mixture  of  this  substance  with  the  venom  makes  it  almost 
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harmless,  and  enables  the  animal  to  withstand  an  amount  that  it  is 
possible  to  increase  more  and  more,  while  diiuiuisbing  the  dnae 
of  the  hyj>oehlorite.  Calmette  showed  that  this  latter  subHtance  in- 
jected in  sujall  quantities  in  animals  for  four  or  five  consecutive  days 
could  of  itself  pn^luce  the  refractory  coudition. 

Antimiiomous  Serum. — The  serum  of  animals  immuuiKed  against 
the  venoms  possesses  very  distinct  imniniiiziuk'  properties.  A  mix- 
ture of  1  mym.  of  the  venom  of  the  coln-a,  or  4  ln^,'m.  of  the  venom  of 
the  viper,  with  a  small  quantity  of  the  senim  of  an  immiiuizeil  raiibit 
can  be  inoculated  in  a  fresh  rabbit  without  the  latter  sbowiuK'  any 
disturbance.  The  injection  into  the  peritoueum  or  uuder  the  skin  of 
a  fresh  rabbit,  of  3  or  4  c.c.  of  serum  from  a  strongly  immuuized 
rabbit  enables  the  animal  to  withstand  without  trouble  the  iutwulation 
of  twice  the  fattd  dose  of  the  venom.  Besides  these  preventive  [U'op- 
ertiea,  the  blood  of  immuuized  animals  also  po.ssesses  a  very  marked 
curative  power,  as  is  shown  by  the  foUowiuK  exj)erimeut  by  Calmette: 
Suppose  a  rabbit  to  be  inoculated  with  twice  the  fatal  dose  of  a  venom 
that  would  kill  the  contrril  in  le.ss  than  three  hours;  an  Iiour,  or  even 
an  hour  and  a  lialf  later,  the  symptfjms  of  jioisouiug  be>,'iH;  these  are 
reyurgitjition,  acceleration  of  the  heart's  jiction,  slij^ht  dyspnoja,  and 
paresis  of  the  extremities.  After  the  injection  in  the  peritoueum  or 
under  the  skin  in  different  i)arts  of  the  hotly,  of  6  or  8  c.c.  of  the 
immunizing  serum,  the  animal  will  remain  a  greater  or  less  length  of 
time  in  a  condition  of  alarming  malaise,  characterized  sometimes  by  a 
sUjjhtrise  of  temperature,  sometimes  by  a  very  marked  one.  The  tem- 
perature remains  elevated  for  forty -eight  hours,  and  then  gr.'uiually 
returns  to  the  normal.  All  symi>b>m8  then  disapjiear,  and  if  the 
serum  of  this  rabbit  \ie  tested,  it  will  be  found  that  it  ptwsesses  pre- 
ventive and  antitoxic  properties.  Tiiis  (lower  of  the  serum  is  not, 
however,  in  direct  accord  witli  the  degree  of  immuuity  nf  the  animal. 

As  may  be  seen,  the  identity  is  com])lete  between  the  venoms  and 
bacterial  jKiisous,  so  far  as  concerns  immunity  and  tli(^  immunizing 
power  of  the  serum,  but  beyond  this,  the  special  pnqierties  of  the 
venom  have  made  it  possible  to  make  clear  many  facts  of  the  highest 
importance  from  the  point  of  view  of  the  method  of  action  of  anti- 
toxins. It  has  for  a  long  time  Ijoeu  deliated  whether  these  autituxius 
do  not  act  upon  the  toxins  by  forming  with  them  a  sort  of  chemical 
combination,  neutralizing  them,  so  t(j  speak,  by  saturation.  The  ex- 
tremely similar  properties  of  these  two  Huimtauces  make  the  jiroblem 
a  difficult  one  to  solve,  for  the  toxins  and  the  antitoxins  of  tetanus  and 
of  diphtheria  behave  in  the  same  way  iu  the  iiresence  of  various  agents 
and  reactions.  It  is  not  the  same  with  the  venoms,  which  are  more 
resisting  than  these  different  boilies  to  the  iufluence  of  heat,  and  it 
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has  been  poBsible  by  heating  to  70°  to  make  elear  the  iodo  propertiM 
of  the  Tenom  in  a  hannlesB  mixtnie  of  venom  and  anttvenomoas 
serom.  At  this  temperature  the  antitoxin  is  altered  and  the  venom 
is  not,  and  the  heat  acta  upon  the  mixture  of  the  two  as  if  each  one 
-was  alone.  It  would  appear  then,  that,  as  a  role,  the  venom  re- 
mains intact  by  the  side  of  the  antitoxin,  or  at  least  that  it  is  in  a 
Tery  unstable  union  with  it.  The  study  of  the  antivenomoos  semm 
has  also  given  interesting  results  so  far  as  the  special  nature  of  this 
preventive  and  curative  property  is  oonoemed.  It  is  admitted  that 
such  serum  acts  only  upon  a  definite  toxin.  Antitetanus  serum  is 
wholly  inefficacious  in  diphtheria,  but,  as  oonoems  the  venom  of  ser^ 
pents,  Galmette  has  shown  that  the  serum  of  an  animal  immnniied 
against  the  venom  of  the  cobra  or  of  the  viper  acts  indifferently  upon 
all  the  other  venoms,  that  of  the  naja,  the  holooephalnB,  the  psen- 
dechis,  etc.  This  interesting  fact  by  itself  would  be  of  little  impor- 
tance from  the  point  of  view  of  the  analogy  already  soggeeted  brtween 
the  different  venoms,  but  Galmette  in  experimenting  upon  tiie  aotion 
of  the  venoms  upon  other  immuniiring  serums  showed  th^  the  blood 
of  animals  vaccinated  against  tetanus  and  rabies  had  also  the  power 
to  make  the  venom  with  which  it  was  mixed  harmless,  but  the  reverse 
proposition  was  not  true,  that  the  antivenomoos  serum  was  able  to 
preserve  an  animal  from  the  toxic  action  of  the  poison  of  tetanns. 
From  this  is  apx>arent  the  complexity  of  these  orrhotherapentic  phe- 
nomena, which  are  but  poorly  explained  by  the  hypothesis  of  a  chem- 
ical action.  It  is  mnch  more  probable  that  the  powerful  action  of  the 
antitetanus  or  antirabies  serum  results  in  making,  for  a  time  at  least, 
the  cells  of  the  tissues  insensitive  to  the  venoms.  Besides  these  in- 
teresting theoretical  acquisitions,  the  researches  upon  the  venoms 
furnish  very  practical  results.  Although  death  by  serpent  bites  is 
rare  in  France,  it  is  very  frequent  in  other  countries,  especially  in 
India,  where,  according  to  the  statistics,  at  least  twenty-two  thousand 
persons  a  year  die  from  the  bites  of  these  animals.  The  serum  of 
immunized  animals  furnishes  a  rational  treatment  of  unquestionable 
efficacy,  for  it  has  been  found  that  animals  can  be  cured  by  using  this 
material  as  late  as  an  hour  and  a  half  after  the  inoculation  of  the 
venom.  Becent  reports  from  India  seem  to  show  a  remarkable  suc- 
cess in  the  application  of  this  method  to  human  beings. 

Characteristics  of  the  Immunity  Due  to  Serum. 

The  injection  of  the  semm  does  not  produce  of  itself  any  particu- 
lar phenomena.  A  most  important  characteristic  of  the  immuniza- 
tion of  the  serum  is  the  rapidity  of  its  aotion.    Immediately  after  the 
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introduction  of  the  Bemm,  and  its  diffiision  through  the  organism, 
the  animal,  without  presenting  the  elightest  symptom,  passes  from  the 
susceptible  to  the  refractory  condition,  and  will  then  resist  the  action 
of  the  vims  to  which  it  showed  itself  some  moments  before  entirely 
susceptible.  But  the  immunity  thus  produced  is  essentially  fleeting ; 
some  days  after  the  procedure  the  refractory  condition  disappears, 
and  susceptibility  again  occurs.  The  duration  and  the  intensity  of 
the  immunity  obtained  bj'  the  injection  of  the  aenim  are  directly  pro- 
portional to  the  quantity  of  the  serum  iutrotluced  and  to  the  degree 
of  its  preventive  power.  It  therefore  appears  as  if  it  were  to  the  per- 
sistence in  the  blood  of  the  therapeutic  agent  itself  that  this  immunity 
is  due,  since  the  latter  appears  at  the  time  of  the  introduction  of  the 
a^entand  diaapiiears  when  its  elimination  or  destruction  is  complete. 
In  certain  eases,  however,  the  modiiication  of  the  organism  a]ii>ears 
to  be  more  profound  and  more  stable.  This,  at  loaat,  is  what  ap- 
ptears  in  the  results  of  Fraenkel  and  Sobemheim  regarding  the  pre- 
ventive power  of  the  auticholeraic  serum,  which  is  a  little  different 
from  the  type  of  other  immunizing  serums.  According  to  their  ex- 
periments, a  guinea-pig  which  has  receivetl  2  c.c.  of  preventive  serum 
can  itself  furnish,  without  having  been  inoculated  with  the  cholera 
spirillum,  a  preventive  serum  of  which  2  c.c.  is  eunxigh  to  immunize 
another  guinea-pig,  and  the  latter  can  in  its  turn  become  a  source  of 
immunizing  serum,  but  after  the  third  generation,  this  power  becomes 
weaker  and  disappears.  The  same  authors  direct  attention  toanntlier 
cariooB  fact  which  seems  to  point  to  a  profound  modification  of  the 
animal  organization  by  the  action  of  the  preventive  serum.  If  the 
serum  of  a  guinea-pig  vacxiinated  ngaiu.Ht  cholera  be  hefited  to  70  C, 
the  preventive  power  persists,  but  the  bactericidal  jiroperty  acquired 
by  the  immunization  is  destroyed;  nevertheless,  if  this  serum,  which 
is  not  bactericidal,  but  is  preventive,  lie  injected  into  another  guinea- 
pig,  there  is  produced  in  this  animal  a  serum  pos.se.ssing  the  two 
properties,  apparently  produced  by  the  heated  He  rum.  The  methods 
of  immunizing  are  of  two  general  classes,  namely,  the  inoculation  of 
living  bacteria,  and  the  injection  of  their  soluble  products.  Whether 
the  one  or  the  other  l>e  used,  the  immunity  prndnct^d  diffei-s  abso- 
lutely from  that  olitained  by  the  use  of  serum,  slinwiiig  Hi;it  immunity 
is  not  a  fixed  and  absohite  biological  property,  but  that  on  the  con- 
trary, variability  and  relativity  are  a  part  of  its  verj-  essence.  Toxin 
immunity  is  dangerous  and  difficult  to  obtiiin,  but  its  results  are  very 
lasting.  Serum,  or  antitoxin  immunity  is  safe  and  easy  to  obtain, 
but  its  results  are  very  fleeting.  Practically,  the  serum  or  antitoxin 
immunity  is  the  only  one  that  wo  are  justified  in  applying  to  the 
human  race. 
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The  Active  Element  of  the  Serom. 

The  analogies  existing  between  the  genesis  and  the  effect  of  the 
preventive  semm  in  different  affections  leads  to  the  question  as  to 
what  is  the  common  quality  that  anites  them,  and  what  is  the  cause. 
There  is  no  doubt  that  there  exists  in  these  different  serums  an  ele- 
ment to  which  the  preventive  power  must  be  ascribed.  It  is  generally 
admitted  that  this  element  is  a  definite  chemical  substance,  to  which 
has  been  given  the  names  of  antitoxin  and  stimulin,  but  the  names 
themselves  summarize  practically  all  that  is  precisely  known  of  the 
nature  of  this  substance  which  has  so  intense  a  biological  action. 
Attempts  to  concentrate  or  isolate  it  have  not  been  successful ;  on  the 
one  hand,  experiments  have  shown  that  if  the  globulin  of  the  serum 
be  precipitated,  the  albuminoid  material  that  remains  behind  is  en- 
tirely inactive,  and,  on  the  other  hand,  Aronson  claims  to  have  obtained 
an  albuminoid  material  a  hundred  times  more  active  than  the  diph- 
theritic serum  used  in  its  preparation,  without  any  pretense,  how- 
ever, of  obtaining  the  antitoxin  in  a  condition  of  purity ;  in  fact,  the 
discussion  iipon  the  antitoxins  is  of  the  same  nature  as  that  upon  the 
bacterial  toxins,  and  neither  of  them  is  concluded. 

T/*f  Orkjin  of  the  Active  Element. — Whatever  the  chemical  nature 
of  the  active  substance  may  be,  research  as  to  its  origin  and  method 
of  formation  slionhl  he  carried  on.  One  of  the  very  first  hypotheses 
was  that  of  Einniericli,  who  believed  that  the  antitoxin  was  the  result 
of  the  conibiuntiou  of  the  toxin  with  certain  albuminoid  materials  of 
the  blood,  to  which  complex  compoimd  he  gave  the  name  of  immxmo- 
toxprotoiu.  If  it  is  certain  that  the  existence  of  the  preventive  proi)- 
erty  is  due  to  the  introduction  of  bjicterial  products  in  the  organism, 
the  hyiKithesis  of  Emmerich  fails  in  view  of  the  fact,  obser\"ed  by  Boux 
and  Vaillard  in  animals  in)muuized  against  tetanus,  that  it  is  possible 
by  Huocesaivo  bleedings  to  take  away  a  (jnantity  of  blood  equal  to  the 
entire  mass  of  this  fluid,  witliout  the  antitoxic  ix)wer  being  noticeably 
diminislied,  and  this  without  a  fresh  introduction  of  toxin ;  this  shows 
very  clearly  that  tlie  toxin  does  not  produce  antitoxin  directly  by  a 
transformation  or  an  organic  combination.  If  it  is  not  i)OS8ible  to 
seek  for  tlie  effective  origin  of  antitoxin  outside  of  the  economy,  it 
must  l>e  admitted,  whatever  its  nature,  that  it  is  formed  by  the  or- 
ganism in  all  its  parts,  and  results  from  the  i>utting  in  activity  of 
vibil  functions  by  definite  agents  of  the  nature  of  pathogenic  bacteria 
or  their  culture  products.  It  is  difficult  to  go  further  than  this  with- 
out entering  th(^  region  of  hyijothesis.  The  preponderating  presence 
of  the  antitoxin  in  the  bloo<l  makes  the  exact  determination  of  the 
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mecliamsm  of  its  production  a  difficult  matter.  It  is  difficult  also  to 
atlmit  a  direct  modification  of  the  fluids,  and  the  moat  ju-tive  iiartiHans 
of  the  humoral  theory  are  iuclined  to  concede  that  this  action  of  the 
serum  is  due  to  the  iictivity  of  certain  cells ;  they  even  seek  to  estab- 
lish by  this  concession  a  sort  of  compromise  between  the  humoralists 
and  the  partisans  of  the  cellular  theories;  and  in  supjiort  of  this 
hypothesis  may  be  cited  the  interesting  observation  of  F.  Klemperer, 
that  the  yolk  of  an  egg  of  an  immune  chicken  was  antitoxic  while  the 
white  was  not;  but  if  this  opinion  be  accepted,  the  solution  is  only 
b^un,  and  the  determination  of  the  cellular  element  that  forms  the 
antitoxin  iu  the  blood  is  still  to  l)e  made. 

I  One  line  of  exj>eriment.s  has  been  carried  out  by  Hankin  and  Kan- 
thack,  who  lay  stress  upon  the  action  of  the  eosinophilic  leucocytes. 
They  believe  that  these  cells,  these  alexocytes,  for  this  is  the  name 
that  they  give  to  tiie  eosinophilic  cells  which  have  no  direct  phago- 
cytic action,  secrete  certain  proteid  substances,  which  they  call  alex- 
ins, whose  presence  in  the  fluid.s  exerts  a  hurtful  influence  upon  the 
bacteria,  disabling  them  agaiust  the  polynudear  leucocytes,  which 
are  the  tine  phagocytes,  and  which,  therefore,  from  this  point  of  view 
occupy  only  the  second  line  of  defence.  It  is  iiossiljlo  also  to  suii- 
pose  that  the  preventive  substance  is  due  to  an  internal  secretion. 
Metchnikofi"  attempts  to  destroy  this  theory,  demonstrating  that  the 
vaccinations  or  infections  are  without  any  effect  upon  the  uuialior  nr 
the  activity  of  these  cells,  which,  on  the  contrary,  play  a  preponder- 
ating part  in  the  pathological  histology  of  certain  non-infectious  dis- 
eases, like  leucocythffimia  and  a-sthma.  He  explains  the  error  of 
interpretation  of  Hankin  and  Kanthack  1>y  a  confusion  due  to  the 
kind  of  animal  upon  which  they  ex]>erimeuted.  In  the  rabbit,  which 
they  used,  are  found  a  large  numlicr  of  pcalynuclear  leucocytes,  true 
phagocytes,  whose  [irotojilasm  contains  a  lai-ge  number  of  granules 
which  in  spite  of  their  selectivity  for  the  neutral  aniline  colors  may 
at  first  sight  be  taken  for  eosinophilic  cells,  and  thus  facilitate  the 
error  into  which  all  the  English  exjierimenters  appfar  to  have  fallen. 
But  if  the  eosinophilic  cells  are  out  of  the  c|uestiou,  can  the  same  be 
said  with  regard  to  the  other  white  corjiuscles  of  tho  blood?  Among 
the  known  facts,  some  are  in  favor  and  othei's  opposed  to  this  ojiiu- 
ion.  Among  the  latter,  may  be  mentioned  iu  the  very  first  place,  the 
absence  of  any  preservative  power  in  pus.  It  would  apjiear,  in  fact, 
if  the  preventive  substance  were  the  product  of  the  activity  of  poly- 
nuclear  leucocytes,  that  it  ought  to  be  preseut  iu  large  amount  in  this 
liquid  where  these  cells  are  found  iu  great  numbers,  but  the  experi- 
ments of  Botkin  have  shown  that  pus  from  animals  furnishing  a  very 
powerful  antitetauus  serum  has  itself  only  very  slight  antitoxic  prop- 
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erties,  and  similar  observations  have  been  made  in  other  affections. 
It  is  eapecially  to  tlie  bactericidal  power  that  it  has  been  sought  to 
compare  the  preventive  properties  of  the  serum,  and,  in  spite  of  the 
great  differences  existing  between  these  two  biological  qualities,  it  is 
interesting  to  recall  the  obsenations  which  seem  to  assign  a  leuco- 
cytic  origin  to  the  bactericidal  jiower.  It  is  known  since  the  work  of 
Behring  and  Nissen  on  the  vibrio  of  avian  septicemia,  and  of  Zaslein 
on  the  spirillum  of  cholera,  that  the  serum  of  animals  vaccinated 
against  these  bacteria  exerts  u]>on  them  a  bactericidal  action  that  is 
not  found  in  fresh  animals,  and  Pfeiffer  has  shown  that  in  hyper- 
vaccinated  animals  the  blood  serum  destroys  the  bacteria  almost 
completely  without  any  phagocytic  intervention.  From  observations 
of  Metchnikoff,  it  appears  that  this  fact,  which  it  was  attempted  to 
use  as  au  objection  to  the  phagocytic  theory,  on  the  contrary  beais 
iu  itK  favor,  if  tlie  conditions  of  digestion  in  the  animal  be  considered, 
intracellular  iu  tlie  infusoria,  then  extracellular,  as  one  ascends  the 
animal  Her'ies.  He  suggests  then  a  seductive  theory,  that  an  anal- 
ogous fact  explains  the  objection  of  Pfeiffer,  and  if  the  leucocytes  of 
vjicciiiiited  guinea-pigs  secrete  substsinces  capable  of  destroj  ing  the 
vibrio,  ill  the  ljyper%-accinated  these  substances  become  so  abundant 
tliat  they  niiir  escape  imtsido  and  tliffuse  iu  the  serum.  Whether  or 
not  an  analogous  occurrence  tvikes  place  as  regartls  the  preventive 
power,  only  the  future  wiU  show.  As  to  the  secretion  of  the  anti- 
tnxiu  by  a  (lefiuite  organ,  exi>eriments  are  negative.  Boux  and  Yail- 
Innl,  iu  their  experimentn  upon  tetanus,  found  no  organ  taking  any 
special  iirpdoniinniice,  but  nevertheless,  for  various  reasons,  the 
splepu  auil  the  HU|iriireual  capsules  have  been  thought  to  play  a 
Hjificial  rule  iu  the  production  of  antitoxin.  So  far  as  concerns  the 
s])leen,  the  mily  argument  is  that  of  Tizzoni  and  Cattani,  who  found 
that  they  cmild  unt  iiiimimize  against  tetanus  animals  which  had 
been  deprived  i>f  their  spleeu,  but  this  fact,  allied  to  the  theory  of 
splenic  alexins  of  Haukiu,  is  deprived  of  value  liy  Vaillard,  who 
fnuiul  many  auituals  immunized  against  tetanus  whose  splenic  pulp 
possesseil  no  antitoxic  jvower.  As  to  the  suprarenal  capsules,  they 
have  ath'iicted  attention  esjwcisdly  by  analogy.  From  the  experi- 
uieutw  of  AIm'Ious  nud  Laugluis,  these  organs  api)ear  to  exercise  pro- 
tection against  the  organic  toxins,  the  residtof  muscular  acti\-ity,  and 
this  antitoxic  action  has  been  compared  to  the  anatomical  fact  of  the 
almost  hemorrhagic  congestion  nf  the  8ui>rarenal  capsules  in  the 
intoxication  V)\-  the  bacterial  jjoisous,  esi>eciaUy  the  toxin  of  diph- 
theria, but  no  positive  fact  can  be  brought  foi-ward  to  support  this 
hypothesis. 

It  seems  certain  that  the  bloo<l  serum  is  the  organic  element  that 
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pnwnnnnn  the  preventive  power  iu  the  highest  degree.  It  is  frum 
ihls  that  the  other  fluids  of  the  lx)dy  api)ear  to  have  borrowed  their 
power  whenever  an  analogous  action  has  been  found.  The  fluid  of 
cedema,  which  contains  less  fibrin  than  the  blood  serum,  ixjssessea 
properties  equal  to  those  of  the  latter ;  the  aqueous  humor  is  a  little 
less  active;  the  iirine  and  Sfdiva,  although  oomiug  from  animals  very 
highly  immunized,  possess  the  jjreventive  property  only  ia  extremely 
feeble  proportions  as  a  rule;  and  pue  has  been  shown  to  possess  an 
activity  far  inferior  to  that  of  blood  serum.  As  to  milk,  the  first 
experiments  are  those  (jf  Ehrlich,  who  showed  that  feeding  young 
mice  upon  the  milk  of  a  mouse  refractory  to  the  vegetable  toxins  was 
sufficient  to  immunize  them.  Brieger  and  Ehrlich  later  demonstrated 
the  immunizing  properties  of  the  milk  of  auimids  immunized  against 
many  infections,  and  Roux  and  VaiUard  iu  their  work  upon  tetanus 
placed  milk  immediately  after  the  serum  iu  Hh  protective  power. 
Ketscher  showed  that  the  milk  of  the  goat  immunized  agaiunt  i'holera 
possessed  verj'  marked  preveuti\'B  properties  without  any  bactericidal , 
and  Klemperer  and  Popofif  have  corroborated  these  conclusions  with 
respect  to  cbolera,  while  Koudrevetski  never  obtained  well-defined 
results  iu  using  the  milk  of  a  goat,  whose  serum  possessed,  neverthe- 
less, very  marked  preventive  properties  iu  diphtheria.  It  would  seem 
as  if  this  i>rotective  power  of  the  milk  was  especially  an  act  of  depri- 
vation, for  the  power  of  the  blootl  serum,  other  things  being  eijual, 
diminishes  more  rapidly  in  milk-giving  females.  In  spite  of  the  cose 
with  which  mUk  could  be  used  practically,  it  is  doubtful  if  it  would 
ever  supplant  serum ;  but  in  serious  cases  its  properties  might  be 
utilized  successfully,  esi>ecially  if  we  were  able  to  concentrate  its 
power  iu  an  alcoholic  i>recipitate  w'hicli  should  contain  all  the  active 
substances,  that  might  1>e  redissolved  in  a  small  volume  of  water. 
As  to  the  maceration  of  the  si>lauchnic  organs,  which  appears  to  have 
given  results  with  Mosuy  superior  eveu  to  serum  itself  in  pneumonic 
vacciruition,  this  appears  to  be  a  method  of  rather  rewtricted  ajiplica- 
tion,  and  it  is  probable  that  in  practice,  when  a  choice  is  offered, 
some  other  method  would  be  preferred  which  would  not  retjuire  the 
sacrifice  of  the  auimal. 


Theory  of  the  Protective  Action  of  Serum. 

The  question  arises  whether  the  preventive  power  is  susceptible 
of  being  explained  by  a  generad  theory.  Experiment  reduces  to  noth- 
ing the  confusion  between  the  preventive  power  and  the  bactericidal 
I>ower  of  certain  serums ;  the  latter,  which  is  more  or  less  unstable, 
being  unable  to  resist  a  temperature  of  W  C,  is  .so  inconstant  in  immu- 
VoL.  xni.— 18 
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nized  animals,  that  it  is  not  possible  to  consider  that  it  plays  a  prom- 
inent role  in  the  production  of  immunity.  It  cannot  be  denieil  tliat 
tliere  is  a  marked  affinity  bet^^een  the  preventive  and  the  bactericidal 
property,  as  the  experiments  of  Fraenkel  and  Sobernheim  demon- 
strate in  cholera,  but  the  diflfereuces  are  still  more  marked,  the  bac- 
tericidal property-  beiiiK  essentially  a  contingent  property,  and  the 
preventive  power  a  vital  act  of  much  greater  constancy  and  impor- 
tance. The  theory  of  the  attenuating  power  in  the  production  of 
immunity  is  almost  abandoned  nowadays,  and  appears  to  have  been 
Itased  upon  an  error  of  interpretation  of  the  preventive  power,  and 
served  only  to  attract  attention  to  the  latter.  Attempts  have  also 
been  nuide  to  identify  the  antitoxic  witli  the  preventive  power,  and 
the  wide  acceptation  of  the  word  "  antitoxin"  has  had  no  little  to  do 
with  the  s]>reading  of  this  error,  than  which  nothing  could  be  greater, 
for  tlio  jireventive  ]iower  corresponds  to  a  much  more  general  cjuahty 
than  the  antitoxic  power,  wliicli  has  thus  far  been  demonstrated  only 
iu  tetanus  aud  di]ihtheria.  The  researches  upon  hog  cholera,  typhoid 
fever,  jmoumonia,  aviiui  septiciemia,  and  cholera  have  shown  that  the 
senim  of  immunized  animals  jirotects  fresh  animals  against  bacteria, 
but  lias  no  action  upon  their  culture  products.  The  preventive  power 
lH>iii)^  able  tn  exist  without  any  antitoxic  property,  it  caimot,  there- 
fore, he  due  to  the  latter  that  the  organism  is  protected,  as  the  exam- 
ples of  diphtheria  or  tetanus  would  lead  one  to  suppose,  and,  in  view 
(if  lliis  fact,  the  ipiestiou  may  very  properly  be  asked,  whether  there 
roally  is  an  antitoxic  action,  that  is  to  say,  whether  the  serum  really 
does  act  u]>ou  the  toxin  to  make  it  inoffensive.  Direct  jiroof  would 
W  difficult.  Our  want  of  knowledge  of  the  chemical  nature  of  the 
tetanus  and  diphtlieria  toxins  makes  it  impossible  to  discover  the 
modiJicatious  tliat  they  raiiy  undergo  upon  the  mixture  with  immn- 
ni/.iiig  serniii.  In  order  to  teat  the  qiialities  of  this  serum,  a  Uviug 
roiigont  must  always  lie  employed,  and  tbis  introduces  a  third  factor 
into  the  problem.  Tlie  extreme  instability  of  the  toxins  of  diph- 
tlieria and  of  tebiuus  makes  direct  exjieriment  impossible,  for,  in 
attem]>tiug  to  destroy  tbo  antitoxic  power  of  the  blooti,  the  toxin  itself 
is  also  destroyed,  but  the  analogies  Iwtween  these  poisons  and  the 
venoms  of  serpents  make  it  possible  to  apply  to  them  the  observation 
tiuide  iu  regard  to  the  latter,  that  a  mixture  of  antivenomous  blood 
!iud  of  venom,  iu  such  a  projmrtiou  that  it  is  entirely  harmleas,  re- 
covers all  its  hurtful  powers  by  heating  to  70"  C.  This  temperature 
destroys  the  antivenomous  jiower  of  the  blood  withont  altering  the 
venom,  by  which  action  aLso  is  demonstrated  the  jwrsistence  of  the 
latter  in  the  mixture.  If  the  serum  acted  upon  the  toxin  in  such  a 
way,  for  example,  as  that  one  part  of  serum  destroyed  one  part  of 
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toxin,  it  would  be  possible  to  inject  in  an  animal  with  impunity  an 
indeterminate  quantity  of  the  mixture,  providing  the  proportion  of 
the  serum  and  of  the  toxin  was  the  same,  and  sufficient  for  the  neu- 
tralization of  the  latter ;  but  this  is  not  the  case,  large  doses  of  the 
mixture  always  producing  a  fatal  result.  The  same  conclusious  are 
reached  if,  instead  of  varying  the  quantity  of  the  mixture,  the  resist- 
ance of  the  animal  is  altered.  If  the  mixture  was  itself  harmless, 
and  the  organism  passive,  all  the  animals  of  one  species  ought  to 
resist  in  the  same  way,  but  they  do  not.  If  a  mixture  of  tetanus 
toxin  and  of  antitetanus  serum  be  injected  in  a  guinea-pig  in  perfect 
health,  but  which  bus  Ijeen  recently  vaccinated  against  a  bacterial 
disease,  such  as  cholera  for  exam])le,  the  animal  will  succumb  to  the 
injection  of  a  quantity  of  the  mixture  harmless  for  a  normal  guinea- 
pig;  and  further,  if  after  the  inoculation  of  the  serotoxic  mixture 
the  products  of  bacterial  culture  be  injected,  the  toxiu  ahme  shows 
itself,  an  evident  proof  of  the  persistence  of  the  tetanus  poison  in  the 
mixture;  so  that  it  would  api)ear  simjily  that  the  seruTii  does  not  act 
directly  on  the  toxin  which  exists  intact  and  side  by  side  with  the 
protective  substance,  and  this  latter  exerts  its  action  by  bringing  into 
play  certain  forces  of  the  organism  whose  absolute  integrity  is  neces- 
sary for  the  manifestation  of  its  influence.  The  antitoxic  action,  there- 
fore, does  not  exist,  although  this  property  has  teen  assumed  to  be 
the  preventive  power  in  diseases  in  which  the  serum  does  not  ju-otect 
the  animal  economy  against  the  l>acterifd  jiroducts.  In  the  two  cases, 
in  fact,  we  have  to  do  with  a  definite  stimulation  to  the  forces  of  the 
organism,  which  would  lejid  to  the  preference  being  gi\eu  to  the  word 
"stimulin,"  originated  by  Metclmikoff,  for  tlie  jirotective  substance, 
instead  of  antitoxin,  which  is  only  confirming  an  erroneous  idea.  As 
to  what  cells  this  stimulation  is  exerted  upon,  and  what  are  the  bio- 
logical bacterial  phenomena  which  give  it  sequence,  the  French  assert 
that  it  is  especiaUy  the  phagocytes,  the  increase  in  number  of  which 
is  the  first  eflfect  of  the  irritation  exerted  by  the  stimulins.  In  the 
greater  number  of  infections  there  occurs  an  acttial  leucocytosis  by 
the  considerable  increase  of  the  proportionate  number  of  the  poly- 
nuclear  leucocjtes,  but  this  is  not  absolute,  and  in  geuei-al  leucocyto- 
sis does  not  occur  in  cases  in  which  the  parasite  remains  strictly 
limited  to  the  site  of  the  local  lesion.  The  experiments  of  Gabrit- 
chewsky  concerning  the  part  played  bj-  the  leucocytes  in  diphtheria 
infection  show  that  in  this  disease  general  leucocytosis  is  unfavor- 
able. One  of  the  first  effects  of  the  injection  of  the  curative  serum  is 
to  diminish  the  number  of  the  leucocytes,  yet  a  study  of  the  local 
lesion  would  lead  us  to  diametrically  opposite  conclusions.  While 
a  great  number  of  free  bacilli  and  the  generated  leucocytes  are  found 
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iu  11  fresh  animal  that  has  received  the  serum,  the  bacteria  are,  on 
the  contrary,  all  euglobeil  in  the  numerous  phagocytes  that  form  a 
living  barrier  to  the  bacterial  invasion.  Thus,  under  the  influence  of 
the  stimulation,  the  leucocytes  appear  much  more  numerous  at  the 
point  of  insertion  of  the  bacteria,  and  esi)ecial]y  resistant  to  the 
necrotic  action  of  the  toxin  which  enables  them  to  englobe  the  baciUi 
instead  of  yielding  to  tlie  poison  which  they  secrete.  In  addition  to 
this  increase  of  numlier  and  resistance,  it  also  appears  that  under  the 
influence  of  serum  the  zymotic  action  of  the  leucocytes  increases; 
thus  Gabritchewsky  has  seen  that  under  a  proteolytic  action  certainly 
due  to  the  leucocytes  the  false  membrane  liecomes  much  more  rapidly 
detached  iu  animals  treated  by  the  serum  than  iu  fresh  guinea-pigH. 
This  phenomenon  can  be  comjmretl  to  that  occurring  in  guinea- 
pigs  hyperinimunized  to  cholera,  whose  serum  exerts  upon  the  bac- 
teria an  actual  solvent  action,  so  that  many  observations  apjiear  to 
establisli  that  the  serum  acts  by  stimulating  the  activity  of  the  leuco- 
cytes, and  enabling  them  more  easily  to  englobe  and  destroy  the  bac- 
teria. The  most  curious  part  of  this  action  certainly  is  its  specific 
nature,  each  werum  excitiug  the  leucocytes  only  against  a  sp>ecial 
variety  of  bacterium ;  nevertheless,  if  the  serum  of  an  animal  vacc-i- 
uated  against  a  definite  afi'ection  exerts  a  selective  influence,  it  would 
be  possible  to  ubt^iiu  analogous  results  by  stimulating  the  phagocytes 
by  other  non-specific  substances  which  should  give  analogous  results, 
although  i)erhai)S  less  intense.  IssaeflF,  experimenting  with  the  serum 
of  cholera,  saw  that  tlie  phagocytes  englobed  the  vibrios  with  an  un- 
usual vigor  after  a  simple  injection  of  tuberculin,  which  observation 
may  be  comjiared  with  that  aupiwrteil  by  Calmette,  that  the  simple 
injection  of  hyptwlilorite  of  sodium  is  sufficient  to  develop  in  an  ani- 
mal the  autiveuomous  jiower,  but  this  latter  proi>erty  would  seem  to 
be  a  little  less  selective  than  that  acting  against  the  Isacterial  toxins; 
in  fact,  antitetanus  serum  exerts  upon  the  venoms  an  action  analo- 
gous to  that  of  the  Henini  of  animals  made  refractory  to  the  venoms, 
although  the  converse  is  not  true,  and  the  antivenomous  serum  haa 
no  action  on  a  tetanus  toxin.  This  antivenomous  action  of  the  serum 
raises  a  (jucstion  of  groat  interest.  If  we  believe  that  the  jireventive 
action  of  the  senim  resides  in  phagocytic  activity,  the  englobing  and 
the  destruction  of  the  bacteria  Ijeing  made  more  easy  and  more  rapid, 
it  may  be  asked  if  it  is  not  by  an  analogous  mechanism  that  it  protects 
the  organism  against  special  bacterial  toxins.  It  has  been  shown  that 
there  is  a  great  difference  between  tlie  different  types  of  the  bacterial 
IKjisims,  and  that  tlie  organism  reacts  in  an  entirely  diflfereut  way  to 
the  toxins  of  dii>htlieria  and  tetanus  than  to  the  products  of  other  bac- 
teria.   These  two,  in  fact,  form  a  class  apart,  and  the  economy  attempts 
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tfj  act  towanla  them  aa  it  does  towards  living  bacterid.  Recent  experi- 
ments appear  to  show  that  this  protective  action  is  also  due  to  the 
leucocytes.  The  researches  of  Chatenay  have  demonstrated  that  in 
animals  iwiacjned  with  one  of  these  toxins,  or  with  a  vegetable  tox- 
albumin,  or  a  seri>eut  venom,  the  leucocytic  phenomena  are  entirely 
comparable  to  those  obsen-ed  in  the  infections.  There  is  ]>rnduced 
a  marked  hypoleueocytosis,  if  the  animal  is  susceptible,  and  deatli  is 
nijiid.  Many  of  the  leucocytes  increase,  on  the  other  hand,  when 
there  is  a  long  or  successful  resistance ;  furthermore,  the  leucocytic 
Action  does  not  appear  to  be  limited  to  this  special  form  of  poisons, 
and  Metchuikoff  has  observed  absolutely-  aualuyous  fac-ts  in  animals 
fioisonedwitli  arseuious  acid ;  but  there  is  a  hyperleucocytosis,  outhe 
other  hand,  in  those  in  wliich  a  progressive  use  has  produced  a  refrac- 
tory condition.  The  study  of  this  protective  action  of  the  phagocytes 
against  soluble  poisons  is  extremely  interesting.  The  experiments  nf 
iobert,  Stender,  Samoilofl',  and  Lipski,  U]ioii  the  absorjjtiou  by  the 
leucocytes  and  endothelial  cells  of  iron  and  silver  in  solution  ajipear 
to  establish  that  the  phagocytes  are  able  to  extnu't  certain  soluble 
IxKlies  from  the  medium  in  which  they  are,  and  to  retain  these  bodies 
in  their  protoplasm,  thus  making  them  harmless  for  the  other  cells 
of  the  economy.  These  facts  should  not  produce  surprise,  for  the 
electivity  of  the  cells  and  even  of  their  different  eoiistitucnt  jiarts  is 
too  well  known,  since  it  is  upon  this  property  that  all  the  teclmiijue 
of  staining  is  baaed;  for  example,  a  section  placed  in  a  weak  crdoriug 
solntion  of  hiematoxylon  after  a  certain  time  stains  itself  intensely  by 
al>sorbing  almost  the  whole  of  the  coloring  substance  in  solution  in 
the  fluid,  and  it  is  only  reasonable  to  suppose  that  the  living  cell  has 
as  great  a  selective  power  as  the  dead.  As  to  the  mwhauism  by  which 
the  intracellular  destruction  of  the  absorbed  toxins  occui-s,  a  theory 
may  easily  be  Imilt  up.  It  is  known  that  the  animal  dia^^tasos,  such 
as  pepsin  or  trypsin,  rapidly  destroy  the  tetiinus  or  diphtheria  toxin, 
and  it  is  proliable  that  this  destruction  is  a  result  of  the  phenomena 
of  intracellular  digestion.  These  facts  show  well  the  increasing 
importance  of  the  role  of  the  phagocytes  in  the  prutecticm  of  the 
organism,  so  that  it  is  eauy  to  understand  how  powerful  stiimdatiou 
exerted  by  the  serum  iipon  these  defenders  may  ]>roduce  in  ho  short 
a  time  results  of  sucli  great  im]iortaiice. 

Uature  of  tlie  Germicidal  ConBtituent  of  the  Blood  Serum. 

Vaughan  and  McClintock  reach  the  conclusion,  first,  that  the 
semrn  albumin  is  not  the  germicidal  substance  in  blood  serum,  for 
Buchner  has  demonstrated  that  the  germicidal  action  is  nf)t  destro\  ed 
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after  subjectiou  of  the  liyuid  to  the  action  of  pepaiu;  second,  that  the 
germicidal  substance  ia  probably  a  proteid,  or  it  would  be  difficult  to 
explain  why  a  temperature  of  55°  destroys  its  activity ;  third,  the 
only  proteid  likely  to  be  present  in  blood  serum  which  is  not  de- 
stroyed by  digestion  ia  nuclein.  They  then  attempt  to  determine, 
first,  whether  there  ia  a  nuclein  in  blood  serum,  and  second,  whether 
if  so,  it  has  germicidal  properties.  Both  of  these  pointii  they  seem 
to  hare  settled.  Blood  serum  of  dogs  was  taken,  and  to  it  was  added 
five  volumes  of  absolute  alcohol  and  five  of  ether.  The  white  pre- 
cipiljite  resulting  was  allowed  to  stand  several  hours  under  the  mix- 
ture of  alcohol  and  ether,  which  was  frequently  changed,  and  finally 
removed.  The  precipitiite  was  then  subjected  to  the  action  of  i>epein 
in  the  presence  of  hydrochloric  acid  until  no  further  digestion  would 
take  place.  The  undigested  residue  was  collected,  washed  first  with 
dilute  hydrochloric  acid,  and  then  with  alcohol,  and  finally  dissolve^l 
iu  caustic-potash  solution,  0.12  i>er  cent.,  containing  0.6  per  cent,  of 
soilium  chloride.  This  solution  was  sterilized  by  filtration,  and  gave 
the  reactions  of  nuclein.  Experiments  with  this  liquid  seem  to  show 
that  it  has  great  germicidal  power,  as  instanced  by  its  effect  on  cholera 
spirillum,  sttiphylococcus  pyogenes  aureus,  and  non-spore-bearing 
autlirax.  The  germicidal  power  is  destroyed  by  heat,  but  not  so 
reatlily  as  might  be  supposed.  Vaughan  further  says  that  there 
seems  to  be  no  doubt  that  the  nuclein  formed  in  organs  of  the  body 
is  mostly  concerned  iu  the  production  of  immunity.  The  nuclein 
formed  by  these  cpHh,  or  in  the  organs,  passes  into  the  blood,  partly 
in  solution,  and  partly  in  the  form  of  multinuclear  white  corjiuscles, 
the  sfvcalled  phagocytes.  He  believes  that  the  nuclein  passes  from 
the  cell  into  Holutiou,  but  is  unable  to  say  whether  this  process  is 
due  to  the  breaking  down  of  the  cell  or  to  an  active  secretion  on  the 
part  of  the  cfU.  The  action  of  the  soluble  or  alkaline  nuclein  on  bao- 
teria  might  lie  either  inhibitory,  or  directly  toidc,  or  both.  It  ia  nut 
necessary  tlmt  the  invading  microorganism  be  killed  in  order  to  pre- 
vent its  iiriidiu-ing  disease.  There  are  three  facta  observed  iu  the 
production  of  immunity  in  an  animal  naturally  susceptible:  there 
must  be  first  an  inhibiting  or  immunizing  substance  introduced  into 
the  body  ;  secondly,  the  organs  whose  activity  ia  stimulated  by  these 
iraumuiziug  agents  are  those  which  elaborate  nuclein,  such  aa  the 
spleen,  thetliyroid  glands,  and  the  btme  marrow;  thirdly,  the  antidotal 
Hubstaucos  are  a  form  of  nuclein.  The  kind  and  amount  of  nuclein 
found  depends  upon  the  nature  of  the  inciting  agent,  and  the  con- 
dition of  the  organ  or  organs  iwted  upon.  The  word  "nuclein"  is 
used  iu  the  broad  sense,  including  the  nuclein  acids  and  nucleo- 
li Kn  mi  nu 
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Since,  then,  we  have  learned  that  the  animal  body  itself  gener- 
ates a  germicide  more  powerful  than  corrosive  sublimate,  and  since 
we  know  how  to  increase  this  substance  in  the  blood,  and  can  isolate 
it  and  inject  it  into  other  animals,  the  therapeutic  prospects  for  the 
future  are  very  bright. 

The  Hereditary  TranBiuiBsion  of  Immuiiity. 

Glej  and  Charrin  in  their  experiments  upon  this  subject  injected 
toxins  into  the  mother  and  father,  sometimes  into  one  only,  some- 
times into  both.  In  many  of  these  conditions  they  observed  trans- 
mission of  the  immunity,  but  it  was  always  rare  and  incomplete, 
especially  when  only  one  of  the  parents  was  immunized,  and  par- 
ticularly when  this  one  was  the  father.  In  this  case  the  trans- 
mission is  wholly  exceptional,  and  to  demonstrate  it  at  all  very  long 
and  numerous  experiments,  extending  over  years,  are  necessary,  a 
great  obstacle  to  which  is  the  fre<iuency  of  abortions,  rapid  death, 
or  sterility. 
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WATER-BORNE  DISEASES. 


INTKODUCTION. 


The  various  forms  of  diseafle-produciDg  coutamination  to  which 
water  is  subject  may  be  ilividetl  iuto  two  main  j^roups,  according  as 
the  coutaminating  subetauce  is  living  or  non-liviug.  The  importance 
of  this  distinction  hinges  hirgely  on  the  fact  that  dilution  of  a  non- 
living poison  proportionat*?ly  lesseus  ita  injurious  qualities,  whereas 
this  is  not  always  the  case  in  rpgard  to  the  contamination  of  water 
with  living  organisms,  their  power  of  rapid  multiplication  neutraliz- 
ing to  a  considerable  extent  the  influence  of  dilution. 

DISEASES  CAUSED  BY  NON-LTVIwa  MATTER. 

The  non-living  impurities  which  we  have  to  consider  are  lead; 
in  a  minor  degree  zinc,  araenic,  copper,  and  iron;  clay  and  marlj 
excessive  amounts  of  lime  and  magnesian  saltH ;  and  various  organic 
products  arising  from  the  decomposition  of  animal  and  vegetable 
substances. 

Plumbism. 

Lead  poisoning  from  the  use  of  drinking-water  often  takes  on  the 
typical  form  of  a  water  e[)idemic;  that  ia,  it  occurs  among  a  consid- 
erable number  of  jjeople  at  the  same  time,  or  iu  rapid  succession, 
within  an  area  having  a  single  source  of  water  supply,  while  those 
living  outside  that  area  remain  unaflfected.  In  such  cases  it  iisually 
arises  from  the  water  of  a  jjublic  sup]>ly  being,  or,  as  is  often  the 
case,  becoming  temporarily  capable  ot  dissolving  the  lead  in  the  ser- 
vice pii^es  or  cisterns.  But  lead  poisoning  may  also  occur  simrad- 
ically  and  yet  be  a  truly  water-bonie  disease,  the  poisonous  (juality 
of  the  water  arising  from  some  local  pecidiarity  iu  its  motle  of  dis- 
tribution or  its  use — such  as  its  having  to  pass  through  an  inordi- 
nately long  pipe  on  its  way  to  the  house  in  question,  or  from  tlie 
habit  of  using  for  dietetic  purposes  water  from  a  hot-water  circula- 
tion, the  pipes  of  which  and  eveu  perhaps  the  cistern  are  made  of 
lead,  for  often  it  may  happen  that  a  condition  of  water  which  would 
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not  suffice  to  dissolve  an  appreciable  quantity  of  lead  under  the  ordi- 
nary circumstances  of  its  distribution,  may  under  such  exceptional 
arrangements  become  impr^nated  with  so  large  an  amount  of  the 
metal  as  to  become  deleterious.  A  matter  of  great  interest  and  im- 
XX)rtance  in  regard  to  water-borne  plumbism  is  the  fact  that  a  water 
supply  which  at  one  time  may  appear  entirely  devoid  of  the  power 
of  acting  upon  lead  may  at  another  time  possess  this  evil  property 
in  a  marked  degree;  so  that  it  becomes  important  to  know  not  only 
whether  a  given  water  is  at  the  moment  of  examination  capable  or 
incapable  of  dissolving  lead,  but  also  whether  it  is  or  is  not  of  such  a 
class  as  ia  shown  by  experience  to  be  liable  at  times  to  develop  this 
plumbo-solvent  power. 

The  nature  of  the  substance  by  virtue  of  which  water  acquires  the 
property  of  dissolving  lead  has  not  yet  been  satisfactorily  determined, 
and  in  fact  according  to  modem  views  that  is  not  exactly  the  form 
the  <iuestion  really  takes,  for  when  it  is  recognized  that  the  purest 
water  possesses  this  power,  it  becomes  obvious  that  what  has  to  be 
determined  is  rather,  What  is  it  that  so  generally  prevents  water 
from  exercising  its  natural  power  of  dissolving  lead?  than,  What  is  it 
that  enables  it  sometimes  to  act  upon  this  substance?  In  any  case 
what  is  clear  is  that  waters  drawn  from  apparently  similar  sources 
vary  greatly  in  plumbo-solvent  power,  and  that  even  water  drawn 
from  the  same  source  may  alter  much  from  time  to  time  in  its  ac- 
tivity iu  tliat  direction. 

(leuerally  it  may  be  stated  that  soft  moorland  waters,  containing, 
as  they  often  do,  a  certain  amount  of  acid,  are  the  most  dangerous, 
and  thiit  those  containing  alkaline  carbonates,  especially  calcic  car- 
bonate, are  the  least  so;  but  it  is  to  be  noted  that  in  some  cases 
watera  which  at  their  source  and  iu  the  great  containing  reservoirs 
act  vigoronslj'  upon  lead  may,  as  in  the  case  of  the  water  supplieil 
to  Glasgow  from  Loch  Katrine,  be  found,  by  the  time  they  have 
arrived  at  tlieir  i)lace  of  distribution,  to  have  but  a  very  insignificant 
action  on  lead  pipes. 

The  great  variability  iu  the  plumbo-solvent  action  of  waters 
known  to  possess  that  property,  and  the  fjict  that  these  waters  are 
so  commonly  derived  from  open  moorlands  where  vegetable  life  is 
active,  wliile  spring  wat«»r  rarely  possesses  the  same  property,  led 
Mr.  W.  H.  Power  to  question  whether  "the  seemingly  inscrutable 
Iwliavior"  of  soft  moorland  waters  in  regard  of  plumbo-solvent  ability 
miglit  not  be  related  to  the  agency,  direct  or  indirect,  of  low  forms  of 
organic  life,  and  this  question  has  since  been  investigated  by  Prof. 
W.  R.  Smith,  but  without  any  definite  results. 

Tliat  moorland  water  often  ix)ssesses  acidity  is  well  known,  bat 
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the  nature  of  the  acid  is  opeu  to  some  doubt.  It  has  been  btated  to 
be  of  vegetable  origin  and  has  been  described  as  humicorulmic  acid; 
carbonic  acid  is  certainly  often  present,  and  there  is  much  reason  to 
believe  that  nitric  acid  also  frequently  exists  in  soft  moorland  waters. 
There  ia,  however,  but  little  reason  to  believe  that  any  of  these  acids 
directly  combine  in  any  large  (juantity  with  lead.  It  has  been  shown 
by  Garrett  thnt  even  distilled  water  acts  upon  lead,  the  first  stejt 
l)eing  the  formation  of  an  oxyhydrate.  This  action  is  greatly  facili- 
tated by,  even  if  it  be  not  entirely  due  to,  the  presence  of  some  form 
of  oxide  of  nitrogen  which  acts  as  a  carrier  of  oxygen,  giving  this  up 
to  the  lead  and  then  becoming  re-oxidized  in  the  presence  of  air,  the 
same  small  quantity  of  nitrogen  being  used  over  and  over  again. 

The  oxyhydrate  of  lead  produced  in  this  manner  is  freely  soluble 
iu  acids,  as  also,  though  in  less  degree,  in  solutions  of  various  saltH. 
The  power  which  certain  waters  have  of  taking  up  lead  iuto  solution 
is  thus  easily  explained.  The  acid  may  be  so  feeble  that  of  itself  it 
may  have  but  little  solvent  power,  but  if  in  addition  the  water  contain 
an  oxide  of  nitrogen,  a  "carrier"  of  oxygen,  an  intermediary  by 
which  oxide  of  lead  is  produced,  this  latter  oxide  will  combine  witli 
the  aciils  which  may  be  jtresent,  and  thus  soluble  salts  of  lead  will 
be  formetl.  It  is  also  to  be  observed  tiiat  if  the  water  contain  salts 
of  other  bases  the  oxide  of  lead  may  decompose  them  aud  thus,  iu  a 
secondary  manner,  become  dissolved,  although  a  nnn-jicid  water  is 
never  likely  to  contain  as  much  lead  iu  solution  as  a  water  which  is 
originally  acid.  It  must  not,  however,  be  imagined  that  lead  poison- 
ing by  means  of  water  is  always  due  to  lead  which  has  become  dis- 
solved. The  mere  oxidation  of  lead  bikes  place  most  rnpiiUy  iu  neu- 
tral or  very  slightly  alkaline  water,  and  in  such  water  the  oxide  so 
formed  does  not  dissolve.  But  if  such  oxidation  iias  beeu  going  on 
in  a  service  pipe  during  the  night,  or  during  a  time  when  no  water 
has  been  drawn,  the  solid  lead  hydrate  will  be  swept  out  by  the  stream 
when  the  tap  is  turned,  and  the  oxide  so  suspended  iu  the  water  will 
act  as  a  jwison  to  those  who  partake  of  the  first  draught  just  as  surely 
as  if  it  had  been  in  solution. 

The  waters  which  do  not  dissolve  lead  are  tliose  which  coutaiii 
alkaline  carbonates  and  especially  calcic  carbonate.  It  seems  to  l>e 
the  presence  of  these  carlxinates,  and  especially  of  carbonate  of  lime, 
which  protects  lead  from  the  solvent  action  of  ordiuury  water,  aud 
with  this  knowledge  it  is  not  ditficult  tti  understjuid  that  water  flow- 
ing from  peaty  moorland,  where  on  the  one  hand  it  becomes  charged 
■with  acids  arising  from  decomposition  of  organic  matter,  and  on  the 
other  has  but  little  chance  of  meeting  with  lime  salts,  should  possess 
in  a  high  degree  the  jiower  of  dissolving  lejul ;   nor  is  it  difficult  to 
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nnderstand  how,  as  the  result  of  variations  in  the  rapidity  of  rainfall, 
and  thus  of  the  amoont  of  alkaline  carbonates  contained  in  the  water, 
its  oxidizing  power  may  vary  greatly ;  while,  on  the  other  hand,  ac- 
cording to  variations  in  temperature  and  in  other  conditions  favonng 
the  production  of  those  acids  on  which  the  plumbo-solvent  power  of 
the  water  so  largely  depends,  a  water  which  is  usually  innocuous  may 
under  certain  circumstances,  at  present  ill  defined,  become  charged 
with  lead. 

The  result  of  both  chemical  research  and  practical  experience  ia 
to  show  that  the  best  method  by  which  a  soft  and  lead-solvent  water 
can  be  rendered  safe  is  either  to  let  it  flow  over  a  suflBcient  area 
of  chalk  or  limestone  to  impregnate  it  with  a  due  allowance  of  calcic 
carbonate,  or  to  mix  with  it  a  tjuantity  of  powdered  chalk  suiSeient  to 
l)rcHluce  the  same  effect 

The  nioilns  opeinudi  is  probably  twofold:  on  the  one  hand  the  lime 
salts  neutralize  the  acidity  of  the  water;  on  the  other  they  turn  any 
such  oxyhyilrate  of  lead  as  may  Ite  formed  into  a  carbonate,  which  is 
practically  iusolnble  unless  the  wat*>r  coutains  a  considerable  excess 
of  carbonic  acid,  and  it  is  found  that  when  the  pipes  are  once  coated 
with  this  protective  lining  of  lead  carlxinate  a  very  small  amount  of 
cali-ic  cailxmate  in  the  water  is  sufficient  to  prevent  any  further  action 
njKiu  them. 

Waters  ivhicli  do  not  dissolve  lead  owe  their  innocence  in  this 
resitect  lar^'ely  to  their  i>ower  of  forming  a  protective  coating  on  the 
lead  consisting  of  salts  which  are  insoluble  in  the  particular  water 
in  question.  In  the  case  of  many  waters  which  contiiiu  calcic  car- 
bonate or  carbonic  acid  this  coating  consists  of  lead  carbonate,  which 
is  ilifticult  of  solution  unless  the  water  contain  a  considerable  exoeBB 
of  cailhinic  acid  under  pressure;  but  in  other  waters  crusts  are 
formed  composed  of  mixtures  of  carbonates  and  sulphates  of  lead, 
lime,  and  magnesia  and  of  chloride  of  lead,  as  the  case  may  be. 

For  the  artificial  production  of  a  protective  coating  the  amount  of 
lime  or  chtklk  added  to  the  water  need  not  be  large,  and  if  the 
amount  be  properly  regulated  the  utility  of  the  water  for  purposes 
of  washing  ia  not  materially  lessened,  while  for  dietetic  purposes  it  ia 
proljable  that  the  atUlition  of  a  modicum  of  lime  is  really  an  improve- 
ment. 

A  word  must  be  said  as  to  the  selective  power  of  lead  in  regard 
to  the  j)er9ons  whom  it  attacks,  and  also  as  to  the  means  to  be 
ado]>ted  when  it  is  known  that  the  water  used  is  capable  of  dis- 
solving lead. 

The  connection  of  plumbism  with  gout,  as  also  with  renal  disease,  ■ 
is  well  known,  but  it  is  worth  remembering  that  it  is  probable  that 
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iu  regard  botli  to  goat  and  reual  disease  it  is  the  same  defective 
eliminative  eapatity  of  the  individual,  which  leads  to  these  disorders, 
which  also  makes  lead  poisoning  show  its  effects  so  readily  upon 
those  who  suffer  from  them. 

Wherever  soft  water  is  used  it  is  Decessary  to  Ije  constantly  on  the 
qui  vive  for  lead  poisoning  as  a  possible  cause  for  constipation,  dys- 
pepsia, neuralgia,  neuritis,  and  various  forms  of  nerve  degeneration, 
especially  when  they  occur  iu  people  of  gouty  i)rocli\'ities.  The 
treatment  of  such  conditions  does  not  fall  within  the  jiroviuce  of  this 
article,  but  in  regard  to  prevention  it  is  worth  while  to  remember 
that  a  good  charcoal  filter,  the  charcoal  of  which  is  fre(iuent]y  re- 
newed, will  entirely  remove  lead  from  watei-,  tliat  the  most  poisniitjus 
water  is  that  which  has  been  lying  for  a  considerable  time  in  tlie 
pijies  and  notably  the  fii"st  drawn  in  tlie  moniing,  and  that  tlie  use  of 
water  from  a  hot-water  circulating  arrangement  for  dietetic  purposes 
is  a  fertile  cause  of  poisoning  by  lead.  It  is  no  uncommon  thing  to 
fiud  that  the  one  memlier  of  the  family  who  rises  early  and  has  some- 
thing warm  before  going  to  his  work,  is  the  one  raemlK?r  of  the  family- 
who  suffers.  Sometimes  he  gets  the  fii-st  draw  from  the  pipes  in 
which  the  water  has  been  standing  all  night;  sometimes,  to  make  the 
kettle  boil  more  (juickly,  it  has  l>eeu  filled  from  the  hnt-water  tixp, 
and  in  either  case  with  the  same  result,  namely,  a  dose  of  lead. 

Poisoning  by  Zinc,  Copper,  or  Arsenic. 

In  i>ractice  these  metals  are  hardly  ever  found  in  water  except  as 
the  result  of  its  contamination  with  the  products  of  trade  processes. 
The  presence  of  any  of  these  metals  is  injurious  and  renders  waters 
unfit  for  ibetetio  purposes.  Zinc  may  sometimes  be  found  as  the 
result  of  the  action  of  water  upon  cisterns,  but  this  would  hardly 
occur  except  in  the  presence  of  such  an  amount  of  organic  matter,  or 
nitrites  and  nitrates,  as  should  itself  render  the  water  open  to  sus- 
picion. 

Dyspepsia,  Diarrhcea,  and  Ptomain  Poisoning. 

Certain  disorders  of  the  digestive  organs  which  all  declare  them- 
selves ultimately  by  the  development  of  dysjiepwia  are  apt  to  arise 
from  the  use  of  water  containing  an  excess  of  calcium  sulphate,  cal- 
cium chloride,  and  the  magnesian  salts.  Water  derived  from  the  red 
sandstones  and  magnesian  limestones  of  the  permian  and  triassic 
systems  are  especially  apt  to  have  this  effect;  and  it  has  been  found 
in  several  instances  that  the  substitution  of  a  soft  for  a  hard  water 
supply  in  lai^e  towns,  as  for  example,  in  Glasgow,  has  had  the  effect 
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of  much  lessening  the  prevalence  of  dyspeptic  complaints.  The  pres- 
enoe  of  iron  also  may  give  rise  to  headache  and  constipation. 

Such  forms  of  diarrhoea  as  may  be  presumed  to  arise  from  the 
toxic  products  of  microbic  life  will  be  referred  to  later,  bat  it  mnst  be 
mentioned  here  that  such  suspended  mineral  matters  as  marl  and 
clay,  which  exist  largely  at  certain  times  of  the  year  in  the  Missis- 
sippi, the  Gktnges,  and  other  rivers,  are  said  to  be  capable  of  produo- 
ing  diarrhoea;  while  there  can  be  no  doubt  that  suspended  and  dis- 
solved organic  matter,  especially  if  arising  from  fecal  contamination 
as  in  cases  where  water  has  been  polluted  with  sewage,  may  give  rise 
to  very  severe  diarrhoea  independent  of  any  specific  action  by  definite 
pathogenic  microbes.  Many  instances  could  be  adduced  in  which 
epidemic  or  endemic  diarrhoea  has  been  associated  with  pollution  of 
the  water  by  products  of  decomposition  of  either  animal  or  vegetable 
substances,  and  in  which  the  disease  has  disappeared  on  the  substitu- 
tion of  a  purer  supply  of  water. 

The  water  derived  from  graveyards  seems  to  bo  especially  hurtful 
in  this  resi)ect.  It  seems  quite  clear  also  that  water  which  has  ab- 
sorbed hydrogen  sulphide  arising  from  decomposing  matters,  or  cer> 
tain  as  yet  ill-defined  vapors  which  are  si>oken  of  as  "sewer  gases," 
may  give  rise  to  diarrhoea  and  a  distressing  sense  of  malaise.  What 
is  the  deleterious  material  in  such  cases  is  far  from  clear;  the  whole 
subject  of  sewer  air  and  its  noxious  influence  is  in  fact  involved  in 
considerable  obscurity.  We  have  on  the  one  hand  the  assertions  of 
many  who,  after  investigating  the  matter  chemically  and  bacteriolog- 
ically,  affirm  that  the  air  of  sewers  contains  but  few  micro-organisms, 
at  any  rate  fewer  than  exist  in  tlie  outside  air  at  the  same  time,  and 
that  as  regards  carbonic  acid,  organic;,  matter,  and  micro-organ- 
isms the  air  of  sewers  is,  quantitatively,  very  much  better  than  that 
of  naturally  ventilated  schools.  According  to  Drs.  Connelly  and 
Haldane,  "  sewer  air  contained  a  much  smaller  number  of  micro- 
organisms than  the  air  in  any  class  of  house  tliey  had  investigated," 
and  Parry  Laws,  in  his  rejwrt  to  the  Loudon  County  Coimcil  iu 
1892,  showed  that  the  micro-organisms  in  tlie  sewer  air  were  related 
to  those  in  the  air  outside  and  not  to  those  in  the  sewage. 

On  the  other  hand  we  have  a  very  large  clinical  experience  point- 
ing definitely  to  the  baleful  influence  of  sewer  air  when  admitted  into 
dwelling-houses.  In  our  opinion  there  nee<l  be  no  hesitation  iu 
admitting  that  much  disease  of  an  indefinite  type — malaise,  head- 
ache, anorexia,  and  debility — is  caused  by  the  entry  into  houses  of 
sewer  air,  which  besides  producing  these  evils  certainly  so  lowers 
the  vitality  oi  those  exposed  to  its  efl'ects  as  to  render  them  more 
prone  than  others  to  various  pathogenic  influences.    It  is  to  be  noted 
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that  sewer  air  pretty  uniformly  coutains  more  "  organic  matter" 
than  the  air  outside,  while  of  the  exact  character  of  this  "  organic 
matter"  very  little  is  known.  In  this  organic  matter  cloubtlesK  lies 
the  cause  of  the  evil  consequences  of  sewer  air.  In  view  of  what  we 
know,  then,  as  to  the  small  quantities  of  various  jitomuins  by  which 
poisonous  effects  can  be  produced,  it  seems  not  unreasonable  to  at- 
tribute 8ewer*air  poisouiug  to  the  effect  of  imalngous  produi'ts  of  de- 
composition, and  to  regard  in  the  same  light  the  undoubtedly  injuri- 
ous effects  produced  1  >y  the  ingestion  of  water  which  has  been  exposed 
to  such  exhalations. 

DISEASES  CAUSED  BY  LIVING  ORGANISMS. 

We  now  come  to  the  cousideratiim  of  those  diseases  which  depend 
nn  the  ingestion  i>f  specific  germs  or  living  orgaui.4ms.  It  will  be 
noticed  that  we  here  enter  upon  a  new  phase  <jf  thesuljjci't.  Hitherto 
we  have  dealt  with  maladies  which  are  produced  by  cerbiiu  jioisoiis 
which,  whether  merely  mineral  or  the  organic  products  of  precediug 
life,  are  at  least  entirely  devoid  of  life  tlieniselvcH.  We  have  uinv, 
however,  to  consider  diseases  which  are  caused  b\  living  matter, 
l^erms  planted  iu  iiiau  and  growing  in  his  oi'gans  oi-  tis,4nps.  Such 
disease- prixlucing  or  pathogenic  nrganisnis  uieof  mniiy  kinds.  Konie 
are  exotics,  occasionally  grf>wiiig  in  man  but  normally  <|uite  inde- 
pendent of  him;  others  are  normally  ]ianisitic  iqion  man,  but  can  for 
a  time  maintain  a  separate  existence;  otlieis  again  are  ext-lusively 
parasitic  and  are  not  known  to  grow  except  in  human  soil.  The  life 
history  of  these  organisms  also  varies  greatly.  The  growth  of  some 
is  a  mere  repetition,  generatimi  after  generation,  of  the  same  form  ;  iu 
(jther  cases  one  phase  of  life  is  gone  through  within  tiiiin  and  another 
quite  different  one  outside;  while  in  others  the  outsiile  jihase  may 
require  the  presence  of  another  animal  by  wlnwe  aid  alone  the  cycle 
can  be  completed.  Again,  as  regards  the  water-can  iage  of  these  dis- 
eases, iu  some  the  water  acts  merely  as  a  carrier,  while  in  others  the 
germs  of  the  disease  cau  multiply  witliin  the  water  in  which  they 
float.  These  poiuts  are  not  mentioned  liere  witlt  a  view  of  estalv- 
lishing  any  sort  of  chissitication,  but  to  sliow  how  little  it  is  pohsible 
in  such  a  matter  to  trust  with  any  degree  of  safety  to  analogy  in  the 
interpretation  of  the  phenomena  of  the  various  diseases  in  ([uestinu. 
The  temptation  is  no  doubt  often  strong  to  interjiret  the  uukuowu  in 
regard  to  one  disease  by  what  is  known  in  regard  to  another  appar- 
ently analogous  condition,  but  a  consideration  of  the  very  varying  life 
histories  of  the  different  micro-organisms  on  which  these  diseases 
dei«nd  shows  how  unsafe  a  course  this  must  always  Ije,  and  how 

necessary  it  is  to  work  out  independently  the  history  of  each  malady. 
v<vt     VI  n  10 
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The  Entozoa. 

We  uliall  take  first  the  grosser  forms  of  paitisitic  life  which  are 
prov(K*jitive  of  disease. 

TAPE-AVORJtS. 

The  eygs  auil  the  embryos  of  certain  entozoa  exist  in  water,  and 
thus  the  maladies  which  they  set  up  muat  be  couuted  among  the 
water-borue  diseases.  The  various  forms  of  ttenia  pass  through  their 
alternate  phases  of  life  in  the  botliea  of  different  animals ;  existing  in 
the  flesh  of  one  in  the  form  of  a  cysticei-cua  and  in  the  intestines  of 
other  in  the  form  of  a  worm.  Thus  the  taenia  solium  exists  as  a 
tape-worra  in  a  man,  while  its  eysticereus  form  infests  the  pig.  The 
cysticercus  of  the  tieuia  mediocanellata,  on  the  other  hand,  is  fomid 
in  the  flesh  of  the  o%,  and  it  is  manifest  that  in  neither  of  these  cases 
in  the  iuterpositinu  of  water  necessary  to  carry  the  ova  from  man  to 
the  iuterniPtliato  liost.  In  regard  to  the  bothryoc«phalu3  Litos, 
however,  the  matter  is  somewhat  different.  The  intermediate  host  is 
a  finh,  and  tlio  embryo  is  an  actively  moving  ciliated  body  which  is 
capable  of  living  for  several  days  in  water.  Both  eggs  and  embryos 
are  found  in  river  water,  from  which  they  are  swallowed  by  fishes, 
])ikcH,  eel-pouts,  etc.,  in  whose  muscles  they  take  on  the  form  of 
cvHticcrci;  and  it  is  no  doubt  from  the  eating  of  such  fishes  in  an 
imperfectly  cotiked  condition  that  man  becomes  infested  with  the 
corresponding  form  of  worm. 

There  is,  then,  this  peciiliarity  about  the  role  played  by  water  in 
the  dissemination  of  tlie  bothryocephalus  latus,  that  this  is  not 
directly  carried  to  man  by  water,  but  that  water  is  necessary  for  the 
transport  of  its  eggs  to  fishes  in  which  it  passes  its  intermediate 
jihase  of  existence. 

EouND-'VVoRMa  (Abcabis  Lcmbricoide8). 

Water  may  also  become  the  vehicle  by  which  the  eggs  of  various 
round- wi inns  may  bo  distributed.  It  seems  somewhat  uncertain 
whether  the  eggs  of  the  aacaris  lumbricoides  are  capable  of  pro- 
ducing the  worm  without  some  intermediate  as  yet  unknown  phase  of 
life.  Instances,  however,  are  on  record  of  outbreaks  of  what  one 
might  almost  call  epidemics  of  the  ascaris  lumbricoides,  which 
could  not  l>e  traced  to  anything  in  common  except  the  use  of  drinking- 
water  fniin  shallow  wells  which  was  greatly  contaminated  by  substances 
washed  in  duriuu  excessive  floods. 
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Ankylostomdm  Ddodenaie. 

In  regard  to  the  ankylostomura  duodenale  it  is  well  known  that  the 
workmen  in  certain  minea  and  tannels  have  been  infci'ted  by  means 
of  water  containing  its  eggs,  although  in  the  countries  where  it  ia 
endemic  it  is  generally  considered  that  damp  earth,  rather  than  water, 
is  the  medium  by  which  it  is  carried  to  the  hands  and  thus  to  the 
mouth  of  those  who  are  attacked  by  it. 

'  OXYI'RIS  Vermicuhuis. 

The  oxyuris  vermicularis  is  certainly  coiiimunicable  in  drinking- 
water,  although  that  is  not  its  usual  mode  of  transfer. 

Tbe  chief  interest  which  civilized,  town-dwelling  man  has  in  the 
water-carriage  of  these  parasites  is  in  regard  to  sewage  furnis.  Al- 
though statistical  proof  ia  unattainable,  it  in  tlilhcult  to  avoid  a  strong 
suspicion  tliat  in  many  cases  uncooked  vegetables  sucli  as  lettuce, 
cress,  and  other  varieties  of  salad  must  be  liable  to  transmit  these 
entozoa  from  person  to  person  when  they  are  grown  on  soil  which  is 
enriched  by  a  form  of  manure  so  likely  to  contain  the  eggs  of  these 
creatures. 

In  i)lace8,  however,  where  the  water  sujiply  is  derived  from  shal- 
low wells  and  running  streams  which  are  liable  ti)  l»e  jjolluted  with 
the  washings  of  agricultural  land  which  has  ln^eu  manured  with 
human  excrement,  these  various  forms  of  round-worni  are  probably 
very  frequently  water-borne. 

DiucuNcuLUS  Persarum. 

The  dracuncidus  persarum,  or  guinea-worm,  lias  a  curious  Hfcliis- 
tory.  In  man  it  is  known  as  a  worm  growing  under  the  skin  of  the 
legs  and  feet  and  other  exposed  [lart.s.  It  had  hmg  lie.en  thought  that 
it  gained  access  to  these  parts  directly  during  bidliiiig  or  wading  in 
water  which  contained  its  endiryos.  Tlie  opinion,  however,  has 
lately  gained  ground  that  the  relation  is  a  more  com]>licated  one,  in- 
volving the  interposition  of  an  iiitpniicdiatt'  host;  tiie  embryo  enter- 
ing the  body  of  a  cyclopa,  a  common  inhaliitant  of  water,  in  which  it 
undergoes  one  stjige  of  its  development,  and  only  thenbecijniiug  fitted 
for  its  further  phase  of  life  as  a  parasite  of  man.  The  water  contain- 
ing the  Cyclops  is  swallowed ;  the  contained  enibryo  makes  its  way  to 
the  surface  of  the  liody,  where  it  lays  its  eggs  under  the  skin.  The 
relation  of  bathing,  wading,  etc.,  to  the  develojiment  is  thus  connected 
rather  with  the  giving  out  of  the  eggs  to  the  water  fiiau  to  their 
absorption  by  the  akin. 
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FiLAJOA  Sangdinib  Hominis. 

Tbe  dlaria  sanguinis  hominia  is  another  worm  which  requires 
two  animals  in  which  to  complete  the  cycle  of  its  Kfe,  and  it  also  re- 
quires water  as  a  ^'ehicle  from  one  animal  to  another.  The  disease 
produced  by  the  filaria  sanguinis  is,  however,  more  truly  water- 
borne  than  that  produced  by  the  guinea-worm,  in  that  it  is  the  fiuid 
transit  from  the  intermediate  host  to  man  that  is  effected  by  water. 

In  man  the  tilaria  jjarasite  inhabits  the  lymphatics  and  tlie 
blootl-vesaela.  The  female  parent  worm  is  found  inhabiting  dilated 
lymphatic  vessels,  where  it  discharges  an  euormoua  number  of  ova 
which  are  sufBciently  small  to  pass  into  the  thoracic  duct  and  thus 
to  gain  access  to  the  blood-vessels,  in  which  they  are  often  to  be 
found  in  immense  multitudes. 

We  need  hei-e  only  mention  the  curious  fact  that  these  embryo 
tilariie  can  be  found  in  the  blood-vessels  of  the  skin  only  during  the 
night.  Probably  during  the  day  they  pass  into  the  deej>er  vessels; 
but  their  nocturnal  distribution  is  of  interest  in  relation  to  the  fact 
that  the  intermediate  host  of  this  creature  is  the  mosquito,  whose 
habits  also  are  noctiirnal.  The  nios<iuilo  while  drawing  blood  from 
the  infwt<^d  man  itself  becomes  infected  with  the  embryos  of  the 
tilaria,  wliicli  then  undergo  within  its  tissues  the  other  phase  of  their 
life  cycle.  Tims  it  happens  that  on  the  death  of  the  mosquito,  if  it 
should  take  place  over  water,  wliich  is  its  common  habitat,  or  rierhaiw 
in  some  other  way,  the  water  becomes  infected  with  that  stjige  of  the 
filaria  which  is  cai)able  of  develripmcut  within  man.  It  is  a  curious 
rouiuiiibout  sort  of  histriry,  but  it  shows  well  what  strange  vicissi- 
tudes may  be  gone  through  by  a  [parasite,  and  how  circuitous  may  be 
tiie  route  taken  by  a  disease  germ,  for  such  it  is,  in  its  course  from 
one  suH'evfi'  to  another;  and  notwithstanding  the  warning  we  have 
alrea<ly  given  against  arguing  from  analogy,  it  is  difficult,  when  dis- 
cnssiug  tin;  life  history  of  those,  varirras  parasitic  worms,  b>  avoid  the 
thought  that  in  regard  alufytothe  much  more  nunutemicro-ni^anisms 
which  are  the  causes  of  those  diseases  spoken  of  as  "infectious," 
stjmo  sucli  alternate  jihase  of  life  may  l)e  gone  through,  some  inter- 
mediate stdge  l>et\veen  that  in  which  the  infection  leaves  the  one 
patient  and  that  in  which  it  is  received  by  the  next.  Tlmt  this  is  so 
in  some  csuseH  we  know;  that  it  may  be  so  in  many  is  a  thing  at  leajit 
to  l>e  borne  in  mind. 

BlLH^VRZIA    H.EMATOBIA. 

The  Bilharzia  htvmatobia  is  another  pai-asite  which  is  probably 
in  many  cjises  wat<^r-borne.     Whether  or  no  it  enters  into  an  inter- 
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mediate  host  has  been  questioned,  some  Uiiakiog  tlmt  it  passes  one 
stage  of  its  existence  iu  some  mollusc,  along  with  which  it  is  swal- 
lowed by  people  iu  the  act  of  eating  raw  vegetables,  while  others 
believe  that  it  obtains  direct  access  to  its  victims  while  bathing  in  the 
water  in  which  it  is  contained. 

DiSTOMA   HePATICUM. 

The  eggs  of  the  distoraa  hepaticmn,  or  liver  fluke,  are  also  capa- 
ble of  development  in  water,  and  itw  einbrvtis  can  swim,  so  that  it  is 
finite  possible  that  it  may  be  carried  to  man  by  water,  as  it  pretty 
certainly  is  to  sheep. 

For  a  full  account  of  these  and  other  jmrasites  see  Vol.  VIII. 

Bacteria. 

pRELIsnNARY   CONSIDERATIONS. 

Before  entering  upon  a  consideration  of  the  tli.seaaes  which  are 
caused  b^'  those  more  minute  organisms  which  are  collectively  spoken 
of  as  bacteria  or  microbes,  it  is  necessary  to  discuss  certain  iiro1>- 
iems  in  bacteriology,  and  especially  to  insist  on  the  wide  distinction 
which  exists  between  exj>eriments  in  test-tubes  and  those  in  living  ani- 
mals, and  on  the  very  different  results  which  are  obtained  according 
as  bacteria  are  allowed  to  grow  in  a  medium  which  has  bfpu  ])rovp(l 
to  l>e  well  fitted  for  their  development,  or  are  placed  iu  the  tissues  of 
a  living  animal  and  subjected  to  all  the  inhibitory  influences  which 
that  animal  is  able  to  bring  to  l>ear  upon  tliein. 

Again,  before  we  can  usefully  cc insider  the  action  of  water  iu 
transporting  these  microbic  disease  germs  we  must  recognize  the 
great  difference  which  exists  between  their  growth  in  sterile  water, 
in  which  they  can  develop  without  lieing  interfered  with  by  other 
organisms  or  their  products,  and  their  growth  in  ordinary  flowing  or 
stagnant  water  as  it  exists  in  nature,  in  which  the,  always  more  or 
less  exotic,  jiathogeuic  organisin.s  are  exjiosed  to  the  compctitinn  and 
perhaps  to  the  actively  destructive  influence  of  native  water  microbes, 
organisms  whose  normal  habitat  is  the  water  in  which  they  are  fnuiid 
and  to  which  they  have  l>ecomo  exactly  fitted  and  attuned  liy  a  long 
process  of  evolution.  Still  further  again,  we  must  consider  how  far 
the  various  types  of  water  which  are  so  often  accused  of  acting  as 
carriers  of  disea.se  are  of  such  a  character  as  to  be  able  to  perform 
the  role  which  is  attributed  to  them. 

Finally,  it  will  be  necessary  to  come  to  some  conclusion  on  a  very 
difficult  question  in  regard  to  water-carriage  of  tliseiuse,  viz. ,  that  of 
the  influence  of  dosage  upon  the  character  of  the  resulting  disease. 
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Oue  of  the  moat  siinple  ajid  elemeutiiry  facts  iu  Vwcteriology  is 
that  each  microbe,  whether  a  micrococcus,  a  spirillum,  a  bacterium, 
or  a  bacillus,  when  placed  iu  fitting  suiTouudings  will  multiply  by 
re]»eat«d  fission.  What  are  fittiug  surroundings  depends  on  the  par- 
ticular sjiecies,  many  kinds  of  bacteria  being  very  susceptible  to  slight 
changes  in  the  chemiivd  nature  of  the  metlium  oa  which  they  are 
placed,  in  its  physical  character  aa  to  moisture  and  the  presence  or 
absence  of  air,  and  iu  the  temperature  at  which  the  exjjeriment  is 
made.  It  is  in  fiu.;t  on  the  character  of  the  surrounilings  in  which 
they  grow  best,  and  on  the  influence  which  they  exert  on  the  medinm 
iu  which  they  develop,  that  their  identification  to  a  large  extent  de- 
pends; their  minuteness  making  it  extremely  difficult,  if  not  impossi- 
ble, to  speak  positively  in  this  respect  from  their  morphology  alone. 
If,  however,  the  right  medium  be  used  and  the  right  temiierature 
niitiutjiiued,  each  microlje  will  undergo  multiplication.  On  this  is 
founded  the  well-known  method  of  estimating  the  number  of  microbes 
by  means  of  plate  cultivations.  By  diffusing  a  measured  amount  of 
the  fluid  to  be  exauiiued  through  a  much  larger  quantity  of  gelatinized 
nutrient  material,  and  then  pouring  this  out  on  a  plate  and  allow- 
ing it  to  set,  a  thin  sheet  of  medium  is  obtained  which  is  sterile 
throughout  except  at  those  points  at  which  the  now  widely  scattered 
microbes  are  embedded.  It  is  i)ossible  then  by  counting  the  number 
of  pf>iut.s  at  which  growth  takes  place  to  estimate  the  number  of  orig- 
iualiy  exintiiig  microbes,  it  being  assumed  that,  if  the  microbes  are 
evenly  difTused  throughout  the  gelatin  while  this  ia  in  a  liquid  state, 
each  "  colnuy,"'  each  spot  of  growth,  must  represent  at  least  one  orig- 
inal micru-urgauiwm. 

In  the  living  body,  however,  matters  are  not  so  simple.  We  need 
not  here  enter  into  the  question  of  the  nature  of  the  resistance  offered 
by  living  tissuf^s  to  the  iiitruMiou  of  microbic  forms  of  life,  but  certain 
it  is  that  Itacteria  for  which  living  tissues  form  a  i>erfectly  fitting 
nutrient  iniiterial,  as  shown  by  their  growth  and  multiplication  when 
they  gjiiu  an  entry  iu  large  numbers,  are  in  some  way  destroyed  and 
rendered  harmless  when  they  make  their  attack  in  smaller  force. 

Tlie  result,  then,  of  an  infection  by  pathogenic  micro-organisms 
depends  | tartly  on  the  character  and  virulence  of  the  microbes, 
partly,  and  even  largely,  on  the  resisting  power  of  the  indiriduol 
attiickiHl.  Now  the  resisting  power  of  the  individual  is  an  extremely 
variable  quiintity,  and  depends  on  many  influences. 

Many  animals  which  are  naturally  immune  to  certain  diseases 
become  (piite  susceptible  to  infection  by  them  when  subjected  to 
stan'ation,  while  others  are  equally  deprived  of  their  immunity  by 
prolonged  thirst.     By  exposure  to  fatigue  also  and  loss  of  blood,  ani- 
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mala  which  are  nahiially  immune  to  certain  diseases  may  be  rendered 
susceptible  to  theiu,  and  tlie  same  effect  may  be  produced  by  subject- 
ing them  to  various  other  artificial  and  depresaing  conditions,  such, 
for  example,  as  espfjsure  to  heat,  or  cold,  or  to  offensive  exhalations, 
or  submitting  them  to  a  diet  which,  although  not  deficient  iu  nutritive 
material,  is  uuauitalile  to  the  digestive  capacity  of  the  animal  in 
question. 

It  is  extremely  probable  also  that  the  jiai'ticular  phase  of  the 
digestive  process  during  which  an  infection  may  l)e  received,  in  those 
cases  in  which  it  enters  bj'  way  of  the  digestive  track,  as  of  course  is 
always  the  case  in  water-borne  diseases,  has  a  great  deal  to  do  with 
its  power  of  obtaining  a  foothold  iu  the  body.  W'lien,  roughly  speak- 
ing, the  digestion  is  in  full  activity,  pathogenic  organisms  nmy  be 
digested  along  with  the  other  contents  of  the  stomach  and  intestines, 
while  at  other  times  they  may  escape  the  action  of  tlie  gastric  and 
intestinal  juices  and  may  obtain  a  foothold  iu  the  intestinal  nnu'ou.s 
membrane.  It  must  never  bo  forgotten  that  tlie  vai'ious  microl>e8 
•which  are  productive  of  disease  iu  man,  although  often  carried  by 
water  are  by  no  means  always  at  home  in  it,  while  other  organisms 
iu  the  same  water  find  it  exactly  suited  to  their  wants.  It  is  not  sur- 
prising, then,  that  iu  the  water  of  many  niuning  streams,  an  infection 
with  pathogenic  forms  may  soon  ilie  out.  The  constantly  acting 
iufluences  which  cause  the  less  fit  to  l>e  Bui>planted  by  the  more 
fit,  even  though  there  may  seem  to  Ik?  sufficient  nutriment  for  both, 
lead  to  the  destniction  fif  the  exotic  jiathogenic  microbes  in  the 
presence  of  a  crowd  of  ordinary  water  organisms. 

Herein  lies  one  of  the  difficulties  in  the  way  of  attempts  to  purify 
an  originally  foul  water.  By  mere  mechanical  filtration  it  is  ti-ue 
that  the  great  mass,  perhajis  the  whole  of  the  niicrobic  elements  may 
be  removed,  but  so  long  as  the  chemical  impurities  remain  in  the 
water,  in  other  words  so  hiug'iis  the  water  remains  charged  with  de- 
composable organic  matter — matter  the  chemical  affinities  of  whose 
elements  are  unsatisfied— so  long  will  that  water  remain  a  fitting 
medium  for  the  growth  of  microbes,  and  its  chara<'ter,  so  far  as  dis- 
ease protluction  is  concerned,  will  depend  on  the  sort  of  infectitm  to 
which  it  may  then  be  exposed.  What  is  wanted  is  not  so  much  a 
sterile  water  as  one  which  is  an  far  as  possible  incapable  of  support- 
ing the  life  of  pathogenic  organisms.  The  experiments  recently 
made  in  India  by  Mr.  Hankin  in  regard  to  the  efficacy  of  the  perman- 
ganates in  disinfecting  wells  which  %vere  known  to  contain  cholera 
microbes  point  strongly  to  the  iiiiy)ortance  of  getting  rid  of  the  pabu- 
lum on  which  the  microbes  live  as  well  as  of  removing  the  organisms 
themselves. 
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We  uow  come  to  a  very  important  ciuestion,  wLich  has  been  far 
too  little  eouaidered  by  tliose  wlio  have  dealt  with  the  problem 
of  water-borne  disease,  viz.,  that  of  the  dose  of  infective  material 
which  is  necessary  to  set  up  the  disea«e  in  question.  We  may 
at  once  admit  that  this  dose  must  vary  very  considerably,  and  that 
wliat  is  sufficient  in  some  people  to  produce  a  definite  attack  is 
insuflicieut  in  others  to  cause  the  slightest  obvious  disturbance  of 
health. 

What,  however,  is  the  minimum  dose  required?  Can  it  be  ad- 
mitted that  a  siu^;le  microbe  may  set  np  cholera  or  typhoid  fever? 
The  importance  of  the  question  lies  iu  this  that  it  has  been  asserted 
again  (iij<l  again  that  the  dilution  of  the  i>oison,  when  a  great  river 
becomes  polluted,  say  with  typhoid  excreta,  is  so  enormous  that  it  is 
impossible  to  conceive  that  it  should  remain  effective  as  a  cause  of 
disease.  The  immediate  answer  to  this  would  be  that,  as  the  poison 
is  particuliite,  no  amount  of  dilution  could  take  away  its  eflBcacy,  and 
that,  altliough  fewer  jieojile  would  l>e  attacked,  whoever  did  ulti- 
mately receive  the  germ  might  liecome  infected  by  the  malady.  That 
would  l»  the  answer  if  we  could  believe  that  a  single  microbe  could 
Iveeomo  activel.v  i>athagenic.  But  all  l»acterio]ogical  experience  [toints 
the  otlier  way,  and  indicates  the  necessity  of  a  considerable  number 
of  the  infectious  iiarticles  to  produce  the  disease  in  those  who  swallow 

tllPH). 

There  is  no  doubt  that  herein  lies  a  difficulty. 

The  re](ort  of  the  Rn_\  al  Commission  on  the  London  Water-Sup- 
\>\y  urges  very  strongly'  the  mathematical  improbability  of  typhoid 
fever  beiug  conveyed  to  the  inhabitants  of  Lomlou  by  the  water  of 
the  Ttiames,  untwithstandiuf;  the  fact  of  the  presence  of  a  certain 
miuiber  of  patients  suffering  from  that  disease  in  the  area  from  which 
the  river  water  is  derived. 

Tlie  cijtnuiissioners  say  tliat  the  totbl  annual  numlier  of  deaths 
from  ty]>lini(l  fever  in  those  counties  which  practically  form  the 
water-basin  nf  tlie  Thames  has  varied  during  the  years  1881-91  from 
1")4  ti)  H4,  aiul  tliat  it  is  usually  reckoned  that  for  every  death  from 
typhoid  fever  tliere  are  from  si.iL  to  seven  attacks;  so  that  selecting 
Tor  tlie  purpose  the  year  of  high&st  mortality  we  may  estimate  the 
t<ital  number  nf  attacks  during  that  year,  among  the  population  of 
the  Thames  valley  living  above  the  intakes  of  the  water  companies  at 
Molesey,  as  Iwiug  1,(101.  "  Let  us  suppose,  though  such  is  of  course 
an  irai>ossil>le  su]>positinn,  tliiit  all  the  di.scharges  of  all  these  cases 
pass  directly  into  tlie  rivers,  and  let  us  see  to  what  extent  they  would, 
iu  that  case,  undergo  dilution ;  and  in  so  doing  let  us  assume  the 
worst  i>ossible   combination,    namely,    that  the    years   of    greatest 
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typhoid  prevaleuce  coincide  with  the  years  of  smalieat  flow  in  the 
rivers.  The  smallest  luimial  flow  in  the  Thames  over  Teddinytou 
Weir,  iifter  adding  the  water  iireviously  tthstrai-ted  by  the  companies, 
in  any  one  of  the  eleven  years  1881-91,  was  in  1890,  when  the  total 
volume  luiiounted  to  294,792,000,000  gallonB.  The  niaxinnim  esti- 
mated numLer  of  caHea  of  typhoid  fever  in  any  one  of  these  years  in 
the  Thame.i  basin  above  Molesey  was,  as  already  stat^l,  1,001. 
This  would  give  one  case  of  typhoid  to,  in  rouud  mimlM»rH,  294,000,- 
tWO  gallous  of  water,  au  amount  which  perhaps  may  Ik?  more  readily 
apprehended  if  desorilied  as  a  mass  five  milrs  in  length,  one  hundred 
j-ards  in  width,  and  six  feet  in  depth.  ...  In  this  calculation  it  has 
been  assumed  not  only  that  the  mortality  wfis  at  its  highest,  and  the 
river-flow  at  its  lowest,  but  that  all  the  discharges  passed  directly  into 
the  river.  Tins  latter  assiimption  is,  of  course,  ridiculous ;  the  amount 
that  can  be  sujiposed  actually  to  [)aHs  in  cannot  possibly  be  more 
than  an  excessively  minute  fraction  of  the  whole."  After  considering 
the  time  that  the  typhoid  bacillus  retnius  its  vitality,  tlin  t<>uijiera- 
ture  necessary  for  its  growth,  and  the  great  increase  in  the  volume  of 
the  water  in  times  of  floml,  they  atld :  "  Altogether  we  are  led  irre- 
sistibly to  the  conclusion,  from  the  evi*lence  put  before  us,  that  the 
amount  of  active  sjK'cific  ty])hoid  ])oiHon  tliat  can  get  into  the  Thames 
or  Lea,  whether  under  ordinary  conditions  or  in  times  of  flood,  is 
infiriitesimally  small  wlion  put  into  comparison  with  the  enormous 
volume  of  water  witl)  which  it  will  be  diluted." 

At  first  sight  it  might  seem  that  this  settles  the  question.  An 
explanation  of  the  difficulty,  however,  has  been  urged  to  the  efl'ect 
that  although  many  microbes  may  be  necessary  to  set  \i\)  a  disease  in 
man,  a  very  small  number,  a  single  microbe  in  fact,  might  lie  suffi- 
cient to  infect  a  cistern,  and  that  if  such  an  event  were  to  hai>]ipn  it 
would  be  easy  to  understand  that  a  distinct  relationship  might  Im 
established  Iwtween  even  a  very  sparse  itifection  of  the  water  and  a 
series  of  ajijiarently  sporadic  outbreaks  of  fever  in  the  town  to  which 
it  was  distributed. 

The  Royal  CA)mmis8ioner8,  however,  say:  "We  shall,  we  believe, 
Iw  well  within  the  mark  in  estimating  the  uundH^r  of  household  cis- 
terns in  Loudon  to  have  averaged  at  least  half  a  million  duriug  the 
past  twenty  years.  Day  by  day  water  for  drinkiug  purposes  has 
been  drawn  from  each  of  these  cisterns,  and  a  fresh  supply  admitted 
from  the  mains,  so  that  it  is  no  exaggeration  to  say  that  there  have 
been  in  the  last  twenty  years  thousands  of  millions  of  oii]>ortunitie8 
offered  for  the  suggested  catastrophe;  and  yet  not  a  single  iustance 
can  be  adduced  in  which  it  has  actually  occurred."  It  should,  how- 
ever, be  remembered  that  such  an  event  would  l>e  almost  impossible 
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of  proof,  whioh  greatly  detracts  from  Che  importance  of  any  deduc- 
tions which  may  be  drawn  from  its  apparent  non-ocoorrence. 

The  probabilitiea  are  that  the  real  explanation  of  the  difficulty  lies 
in  the  fact  that  the  particulate  infection,  whether  of  typhoid  fever  or 
of  cholera,  is  not  evenly  diffused  throughout  the  wato:  by  which  it  is 
distributed. 

Dr.  Thome  Thome,  in  a  report  on  oyster  enltore  in  relation  to 
disease,  dated  1896,  says:  "Dealing,  as  we  do,  both  in  the  case  of 
enteric  fever  and  of  cholera,  with  an  infection  of  a  particulate  char- 
acter, we  are  concerned  not  with  some  material  which  is  uniformly 
distributed  throughout  the  whole  body  of  the  water  to  which  it  has 
gained  access,  after  the  manner  of  a  chemical  solution,  but  with  mi- 
croscopic bodies  which  may  be  widely  separated,  and  which,  though 
they  may  at  one  time  tend  to  multiply  and  crowd  together  in  micro- 
scopic masses,  tend  at  another  time  to  loss  of  vitality  and  to  destruc- 
tion. These  are  mingled  with  waters  after  the  manner  of  a  mechanical 
mixture,  and  occasional  samples  of  water,  whether  selected  or  not, 
must  often  fail  to  exhibit  them.  Even  when  the  contents  of  a  certain 
well  have  been  conclusively  proved  to  serve  as  the  vehicle  of  enteric 
fever,  it  has  often  been  impossible  to  find  Eberth's  bacillus  in  many 
a  gallon  of  the  implicated  water,  whereas  when  a  smaller  quantity 
has  been  collected  drop  by  drop  throughout  a  continuous  period  of 
twenty-four  or  forty-eight  hours,  unmistakable  evidence  of  the  pres- 
ence of  this  bacillus  has  more  than  once  been  forthcoming."  This  is  a 
matter  of  considerable  importance  and  will  bear  further  consideration. 

Londou  id  a  town  which  is  imagined  to  be  supplied  with  well-fil- 
tered water,  although  the  source  from  which  the  water  ia  derived  is 
acknowledged  to  be  very  foul.  London  also  is  a  town  which  suffers 
but  little  from  typhoid  fever.  Yet  it  is  to  be  observed  that  the 
seasonal  variation  of  the  disease  within  the  metropolis  differs  little 
from  that  in  the  surrounding  districts. 

If  one  looked  upon  typhoid  fever  as  the  result  of  a  mere  miasma, 
this  need  not  give  rise  to  any  difficulty ;  but  in  view  of  the  fact  that 
water  is  well  recognized  as  the  ordinary  means  by  which  its  infection 
is  conveyeil,  tlio  persistence  of  the  same  seasonal  prevalence  of  the 
disease,  both  in  town  and  country,  is  at  the  least  curious,  and  is 
strongly  suggestive  of  the  idea  that,  notwithstanding  all  the  filtering 
to  whidi  the  water  is  subjected,  the  infective  material  is  in  some  way 
carried  from  the  country,  whence  the  water  comes  to  the  townspeople 
who  consume  it. 

Beceut  researches,  undertaken  by  Mr.  Shirley  Murphy,  medical 
officer  of  health  to  the  London  County  Council,  have  raised  this  idea 
to  something  more  than  a  suspicion;  while  the  investigation<«  of  the 
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chemist  to  the  County  Council  and  others  have  tended  muck  to  ex- 
plain the  manner  in  which  the  infection  has  been  distributed. 

In  the  forty-ninth,  fiftieth,  and  fifty-first  weeks  of  1894,  the  be- 
havior of  typhoid  fever  in  the  metropolis  in  re(,;ard  to  tlie  number  of 
cases  notified  was  found  to  be  exceptional,  as  compared  with  the  pre- 
vious four  years.  Usually  during  these  three  weeks  a  rapid  fall  in 
the  prevalence  takes  place,  8o  that  by  the  end  of  the  year  the  mimbcr 
of  notificiitious  has  fallen  to  below  the  averat,'e  fur  the  year.  But  in 
1894  the  notifications  rose  instead  of  falling  during  this  period.  On 
in<iuiriny  into  the  cause  of  this  peculiarity,  it  was  found  that  notable 
floods  occun-ed  at  the  time,  antecedent  to  the  abnormal  i>revaleuce  of 
enteric  fever,  at  which  some  new  factor  in  the  dissemination  of  the 
disease  in  London  might  lie  exjiected  to  have  come  into  operation  if 
the  infection  were  water-borne. 

The  importance  of  this  matter  of  flcxjds  arises  from  the  fact  that 
the  filtration  to  which  London  water  is  subjected,  although  it  re- 
moves a  very  large  jjercentage  of  the  microbes,  rarely  removes  them 
altogether,  so  that  when  the  water  in  tbe  river  is  fouled  by  fiocxls  the 
water  in  the  pipes  is  proportionately  less  pure  in  a  microbial  sense. 
The  inquiry  was  carried  further,  and  it  was  found  that  certain  dis- 
triete  supplied  by  the  water  companies  out.side  the  London  district 
showetl  the  same  abnormal  rise  in  the  number  of  notified  fever  cases 
in  these  weeks,  while  in  other  districts  not  su]>]>lied  from  the  river 
this  rise  in  fever  prevalence  did  not  take  place.  One  of  the  water 
companies  in  London,  however,  draws  its  supjily  of  water  fi'om  a  deep 
well,  and  in  the  district  supplied  by  this  company  the  abnormal 
prevalence  of  typhoid  fever  in  the  weeks  in  fiuestion  did  not  take 
place.  There  was  then  a  known  and  exceptional  fouling  of  the  water 
at  a  certain  date,  followed  iu  due  couixe  by  au  exco|>tional  ]>revaleuee 
of  typhoid  fever  in  those  districts,  both  within  and  without  the  mctro- 
]>olitan  area,  which  were  supplied  with  river  water,  while  in  certain 
other  districta,  not  so  8U|>plied,  the  prevalence  of  fever  took  its  nor- 
mal course. 

Summing  up  the  matter,  Mr.  Shirley  Murphy,  who  from  his  offi- 
cial position  naturally  spoke  guardedly,  was  of  oi)iniou  that  the 
hypothesis  of  a  water-borne  contagium  was  the  one  which  was  best 
able  to  explain  the  increase  of  the  disease  iu  the  weeks  in  question. 
The  epidemics  of  typhoid  fever  in  the  Tees  valley,  to  be  mentioned 
later,  furnish  another  instance  of  the  iufection  of  typhoid  fever  re- 
taining its  activity  when  mixed  with  such  a  mass  of  water  as  to  be 
almost  infinitely  diluted.  As  has  already  been  stated,  the  explana- 
tion lies  in  the  fact  that  the  particulate  infection  is  not  equally  dif- 
fused throughout  the  whole  mass  of  the  water. 
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This  has  since  been  show-n  with  great  positiveness  to  be  true  in 
ref;artl  to  the  Lnndon  water  by  Mr.  DibcliD,  chemist  to  the  London 
County  Council,  and  other  imiuirers  associated  with  him,  who  have 
not  been  content  to  examine  amall  samples  of  water  bnt  have  collected 
the  residue  left  after  the  filtration  of  very  considerable  quantities,  and 
have  thus  been  able  to  show  not  onl.v  that  a  large  number  of  microbes 
pass  the  filter  beds,  as  of  course  was  kno'mi,  but  that  at  times  the  fil- 
tration is  so  managed  that  much  larger  creatures  than  bacteria  can 
get  through. 

In  regard  to  this  important  question  aa  to  the  quantity  of  patlio- 
geuie  niat^^rial  necessary  t+i  set  u]»  a  disease,  it  must  be  answered  that 
bnt  for  the  vital  resistance  of  the  linng  tissues  of  the  body  to  the  in- 
trusion of  other  forms  of  life,  there  is  no  reason  why  a  single  patLfv- 
geulc  micrnlie  should  not  give  rise  to  the  malady  associated  with  it 
In  sui-h  a  diswise  then  as  cholera,  in  which  the  main  growth  of  the 
assfjfiated  micnj-orgauism  takes  place  in  the  intestinal  canal,  that  is, 
not  within  the  substance  of  the  living  tissues,  an  infinitely  small  dose, 
[Missilily  oven  a  single  microbe,  might  in  certain  conditions  of  the  in- 
testinal contents  so  multiply  among  them  as  to  produce  such  a  quan- 
tity of  tnxic  products  as  to  set  up  the  symptoms  of  the  disease. 

WlifMO,  however,  the  growth  of  the  microbe  within  the  tissues  of 
the  larger  organism  is  essential  to  the  development  of  the  disease,  it 
is  not  easy  to  reconcile  the  possibility  of  such  minimal  dosage  with 
wli.'it  we  know  iilinut  tiie  ])ower  possessed  by  healthy  bmliea  of  resist- 
ing tlie  intrusion  of  inicrobic  life.  The  probabilites — and  in  this  mat- 
ter  it  is  impossible  to  do  more  than  sfieak  of  probabilities — are  that 
for  tlie  pnnhu'tion  of  mucIi  a  dis«i.se  as  typhoid  fever  a  comparatively 
anbHtiintial  dose,  one  much  larger  than  any  single  microbe,  must  be 
taken  before  symptoms  can  be  produced,  and  in  fact  it  will  be  found 
tliJit  in  ii  large  ]>ro]iorti<>n  of  the  cases  in  which  typhoid  fever  has 
l«^en  shown  to  be  water-borne  the  water  has  been  subjected  to  a  pol- 
lution of  a  comfiaratively  gross  character,  and  that  however  much  the 
inffi-tive  [larticlfs  may  have  been  scattered  by  dilution,  there  has 
been  a  fair  opportunity  for  these  particles  to  l>e  individually  of  such 
a  sine  aa  to  contain  fjuit<?  a  colony  of  micro-organisms,  sufficient,  if 
one  may  so  say,  to  take  care  of  themselves.  In  many  instances  there 
has  been  jiroof  of  an  actual  communication  between  a  closet  and  a 
well,  or  lietween  a  drain  and  a  water  pipe,  or  there  has  been  a  his- 
tory of  tlie  entry  of  infected  surface  washings  into  a  water  suppily 
wliicji  has  aftor  that  Vwen  but  imperfectly  filtered  even  if  filt«red  at  all. 
In  all  such  ca.ses  it  is  <[uite  unnecessary  to  introduce  the  question  of 
single  raicrnhes,  seeing  that  in  all  of  them  there  are  opportunities  for 
the  infection  being  canned  by  ])article8  of  much  larger  size.     But 
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even  in  regard  to  infection  bj  public,  and  presumably  filtered  water 
supplies,  the  same  holds  true,  for  well  filtered  tm  they  may  be  at 
times,  there  is  too  much  reason  to  believe  that  at  other  times  water 
which  is  practic'all\-  uiifiltered  ia  allowed  to  pass.  This  has  certainly 
been  the  case  in  regard  to  the  Thames  water  8ui>i)lied  to  Ijiadoa, 
which,  however  good  its  usual  character,  Las  liepu  shnwu  not  infre- 
quently to  contain  impurities  of  such  a  nature  as  to  jmive  the  occa- 
sional inefiicieucy  of  the  filterinjL;  i)rocessto  which  it  has  Ijeen  subjected. 
Even  then  in  regard  to  typhoid  fever  distributed  by  jmblic  water  sap- 
Iilies,  we  are  not  driven  to  tlje  h\  pothesis  of  the  disease  being  origi- 
nated by  a  single  microlte,  seeing  that,  according  to  the  various 
reports  ])resented  to  the  Loudon  Couuty  Council,  the  Loudon  water 
not  iufre(]uently  contaiua  far  grosser  impurities. 

It  will  be  well,  however,  before  entering  on  the  discussion  of  the 
purely  clinical  side  of  the  fjuestion,  to  iusist  again  on  tlie  fact  that  we 
as  yet  jHissess  very  little  accurate  knowledge  as  tcj  the  intimate  mechan- 
ism of  the  processes  by  which  any  of  the  iufectiuus  diseases  arc  carried 
from  one  individual  to  another.  In  the  bulk,  and  by  ordinary  meth- 
ods of  clinical  and  statistical  observation,  we  are  able  to  assure  tmr- 
selvea  that  certain  maladies  are  cajiable  of  Ijeing  transmitted  from  man 
to  man,  and  we  are  at  times  so  far  able  to  trace  the  route  by  which  tl)e 
infection  travels  as  to  be  able  to  assert  tliat  they  are  water-borne.  Far 
beyond  this,  however,  we  cannfjt  at  present  go.  Even  in  I'cgai'd  to  the 
most  infectious  of  diseases,  viz.,  smaU-jJox,  we  may  show  by  statistics 
that  the  coutagium,  whatever  it  may  be,  can  travel  long  distaij<'es 
through  the  air;  but  wlieu  we  come  to  details,  it  is  iudced  difficult  to 
form  any  satisfactory  and  convincing  mental  concejition  of  the  nuture 
of  the  process  by  which  this  infective  material  is  given  off  duiing  the 
early  acute  stage  of  the  dise*Lse,  or  of  the  manner  in  whicli  it  is  ab- 
sorbed. This,  however,  may  1m»  said:  that  while  small-pox,  measles, 
and  scarlet  fever  are  diseases  the  most  jnarked  lesions  of  which  )i\>- 
pear  on  the  skin,  it  is  as  certiiiii  as  such  things  can  be  tlwit  it  is  i;ot  by 
the  skin  that  the  infection  is  absorbed.  So  also  we  nuist  take  care  not 
to  assume  too  readily  in  ca.ses  of  tyjihoid  fever,  and  even  in  ca.ses  of 
cholera,  that  because  the  chief  manifestation  of  the  disease  centres  in 
the  intestinal  tract,  therefore  the  infection  must  have  been  there  de- 
posited and  there  absorbed.  Certainly  in  regard  U>  cholera  a  pretty 
strong  inference  may  be  drawn  to  that  effect,  but  as  to  typhoid  there 
seems  no  proof  whatever  as  to  the  point  of  eutn  into  the  tissues. 
We  know  that  the  micro-organism  goes  in  at  the  mouth,  but  we  know 
nothing  as  to  what  hai>pens  afterward  or  by  what  route  it  arrives  at 
the  parts  where  it  iiltimately  develops. 

The  only  answer  which  bacteriology  can  give  to  the  question  how 
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far  zymotic  diseases  are  water-borne,  is  the  statement  that  the  mi- 
crobes on  which  certain  of  them,  such  as  cholera,  typhoid  fever,  and 
some  others  depend,  are  capable  of  beiug  carried  from  man  to  man 
by  means  of  water.  How  fur  they  actually  are  so  carried  has  to  be 
decided  by  other  lines  of  investigation,  which  will  be  mentioned  mider 
the  heads  of  the  different  diseases. 

Typhoid  Feveb. 

Typhoid  fever  may  be  taken  as  a  tjpe  of  a  water-borne,  zymotic 
disease  and  will  therefore  be  dealt  with  in  considerable  detail ;  bat  it 
may  be  broadly  stated  that  much  that  is  true  of  typhoid  fever,  in  re- 
gard oflpecially  to  the  mechanism  of  its  distribution  by  rivers,  wella, 
conduits,  water  pij>e3,  etc.,  is  true  also  in  regard  to  cholera.  In  fact 
it  is  not  too  much  to  say  that  any  place  the  sanitary  arrangements  of 
wliich  are  such  as  to  lead  to  a  prevalence  of  typhoid  fever  is  exposed 
to  danger  of  epidemic  cholera,  should  that  disease  once  be  introduced. 

It  is  uosv  generally  recognized  that  typhoid  fever  is  a  specific  dis- 
ease caused  by  the  bmly  being  infected  by  a  bacillus  which  is  usually 
to  be  discovered  duriug  life  in  the  stools  and  urine,  and  rarely  in  the 
bloixl,  aud  after  death  in  the  various  tissues  of  the  body,  especially 
iu  the  iutestiues,  in  Peyer's  patches,  the  mesenteric  glands,  the  spleen, 
the  liver,  aud  the  kidneys. 

It  has  a  febrile  period  of  about  three  weeks,  and  during  a  consider- 
able part  of  this  time  the  infection  is  being  discharged  in  the  stools 
and  in  the  urine.  Diarrhoea  also  is  common  in  its  course,  so  that 
the  amount  of  infective  material  wliich  is  discharged  from  a  single 
case  is  oftou  vltv  considerable. 

Typhoid  bacilli,  however,  are  rarely  to  be  found  in  the  stools  be- 
fore tlie  uiuth  day  of  the  disease,  and  they  may  disappear  before  the 
fever  ceusea.  Prnliubly  their  persistence  deiiends  to  some  extent 
u]>(>ii  the  extent  to  which  ulceration  has  ttiken  ])lace  in  the  intestines, 
fur  ill  some  iviBcs  thoy  have  been  found  to  be  present  in  the  stools 
itiaiiy  days  after  tlie  cessation  of  the  fever. 

Iu  the  urine  the  bacilli  are  said  to  have  been  discovered  as  early 
ii.s  the  third  tliiy.  According  to  Hnrton  Smith,  however,  this  is  not 
so;  true  typhoid  i)acilH,  as  identified  by  the  most  recent  tests,  not 
appearing  iu  the  urine  until  the  third  week.  They  have  also  been 
fouud  ill  the  s]>ntum  nf  patients  in  whom  typhoid  fever  was  compli- 
eatt'd  with  pueumouia. 

The  knowledge  that  infective  particles  are  discharged  inthecouiBe 
of  the  disease  among  the  excreta  of  the  patient  makes  it  necessary  to 
inquire  as  to  the  modes  by  which  this  infection  may  be  conveyed 
^Kiin  to  iimu. 
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Typhoid  fever,  like  other  infectious  diseases,  attracts  most  atten- 
tion when  it  occare  in  epidemic  form ;  but  it  very  commonly  occnra  as 
a  sporadic  disease,  and  no  account  of  its  mode  of  spread  can  be  con- 
sidered complete  or  trustworthy  which  does  not  take  cognizance  of 
the  sporadic  aa  well  as  of  the  epidemic  outbreats. 

As  regards  ita  actual  mode  of  entry,  then,  it  may  be  said  that  it 
may  be  by  way  of  air,  food,  or  drink,  especially  the  latter. 

When  a  patient  becomes  infected  by  way  of  air,  it  is  probably  in 
most  cases  from  inhaling  dust  containing  typhuid  biieilli.  In  hot 
weather  when  clouds  of  dust  arise  from  land  which  has  been  manured 
with  human  excrement,  where,  for  example,  the  dry  earth  system  hiis 
been  carelessly  carried  out,  it  is  clear  that  many  rislcH  must  bo  run 
by  those  who  inhale  such  dust  if,  as  must  often  happen,  it  contains 
fragments  of  the  dried  excreta  of  typhoid  patients.  Mere  drain  air, 
however  much  the  sewage  itself  may  bo  infected,  is  probalily  not  a 
direct  carrier  of  infection.  That  it  has  an  influence,  however,  ou  the 
prevalence  of  the  disease  seems  almost  certain.  Probably  it  may  be 
the  case,  as  already  stated,  that  the  respiration  of  foul  air,  although 
not  sfMJcificttlly  infected,  has  a  prcdiaposing  influence  which  loaves 
those  who  breathe  it  esi>ecially  liable  to  infection.  The  observations 
of  Alesai  point  strongly  in  this  direction,  for  ho  fonod  es])erimeutall y 
that  animals  exposed  to  sewer  gaa  fell  victims  to  s]»pcil:c  infectious 
which  were  not  fatal  to  others  living  out  of  iis  reach.  In  his  experi- 
ments he  found  that  rats,  guinea-pigs,  aud  rabbits,  wheu  exjMiscd  to 
emanations  from  a  cesspool,  gradually  increased  their  Huscejitibility 
to  infection  by  the  typhoid  bacillus.  "  After  an  exposure  of  from  five 
to  seventy-two  days  in  tlie  case  of  rats,  seven  to  fifty-eight  days  in 
the  case  of  guinea-pigs,  aud  three  to  eighteeu  days  in  tlio  case  of 
rabbits,  the  resistance  of  the  animals  was  so  diraiuislied  that  incwula- 
tion  with  rchitively  small  amounts  of  cultures  of  the  typhoid  bacillus 
proved  fatal  in  from  twelve  to  thirty -six  hours'"  (Abbott).  The  bacilli 
were  fouud  in  the  blood,  liver,  and  spleen. 

In  regard  to  infection  by  food,  the  modes  in  which  it  may  happen 
are  various.  Air-lioruo  du.st  is  even  more  likely  to  cause  disease  by 
way  of  the  food  on  which  it  settles  than  by  l)eiug  directly  breathed, 
and  in  places  where  tlie  kitchens  aud  hiiilcrs  are  arranged  in  close 
proximity  to  latrines  or  earth  closets,  it  may  not  iufre(iueutly  happen 
that  food  may  be  seriously  polluted  in  this  way. 

EijuaUy  may  the  infection  not  only  of  typhoid  fever  but  of  cholera 
be  carried  to  ffKxl  by  flies.  During  late  years  the  possiLiility  of  this 
has  been  abundantly  demonstrated,  aud  in  regard  to  cholera  the 
transference  of  the  bacilli  to  milk  by  tlie  agency  of  flien  has  been 
shown  to  have  taken  phice.     It  undoubtedly  may  happen  that  the 
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ia  food  or  watet  am  dw  death  of  the  fly ;   bat  by  far  the 

anr  infectioa  is  by  means  of 
I  to  tihor  ieet  and  bodies.  It  has  been  noticed 
I  IB  Iii£a  ttal  wkai  the  excreta  of  cholera  patients 
been  emzried  oat  of  Hie  hospitals  the  bearers  have  been  soi- 
rtmded  by  swarms  of  flies  which  have  afterwards  dispersed  to  settle 
OB  other  objects,  and  in  this  way  it  has  been  found  that  bowls  of  milk 
past  which  these  excreta  were  carried  qnickly  became  infecte<l  with 
cholera  bacilli.  The  extent  to  which  flies  are  able  in  this  way  to 
carry  Ijctcilli  about  with  them  was  recently  demonstrate<l  before  the 
Boyal  Srjciety  by  Mr.  W.  T.  Burgess.  Flies  had  been  placed  for  a 
moment  in  contact  with  a  cultivation  of  bacillus  prodi(^osus  and  tlieu 
allowed  to  escape  into  a  large  room.  After  a  varying  number  of 
hours  they  were  recaptured  and  made  to  walk  for  a  few  seconds  over 
slices  of  sterilized  potatoes  which  were  then  incubated  for  a  few  Jays. 
The  exjjeriments  showed  in  an  unmistakable  manner  that  the  fly 
tracks  on  the  {jtjtatoes  were  marked  by  vigorous  growtlis  of  the  eliru- 
mogeiiic  organism,  even  after  several  hours  had  been  si>eut  by  tbe 
flies  in  active  exercise  since  their  exposure  to  the  source  of  infection. 
The  Ix^ariug  of  these  exi)eriment«  is  obvious,  not  only  in  regard  tu 
the  infection  of  f<XHl,  but  as  indicating  a  manner  in  which  water  may 
Ij^-ffjme  iiifpcted  wLfii  it  is  jirenerved  in  oi>en  jars  or  cisterns. 

Not  only  ludv  f(Mj<l  become  infected  after  its  prei>aration  in  the 
ways  already  raeutioned,  but  fruits  and  vegetables  not  uncommonly 
run  risks  of  the  same  acciileut  during  their  preparation,  by  being 
u'ushfil  in  spfcitieally  polluted  water,  or  during  their  growth  by 
licing  mjiuured  with  specifically  [wlluted  excreta.  A  good  deal  has 
ror(Mitl.\'  Iwt'u  liejird  of  infection  being  distributed  by  means  of  oya- 
tt'is,  iiud  iiiiLuy  very  careful  researches  have  l)een  made  as  to  the 
njHiJUfr  iu  wliicli  and  tbe  extent  to  which  it  takes  place.  But  altbougb 
ovMt^TH  iiiiist  Ih>  looked  upon  as  a  fotnl,  the  distribution  of  typhoid 
fnviT  liy  their  ijii-;iiis  is  really  Imt  auutber  example  of  the  spread  of 
tijr  diMoase  by  aid  of  water. 

.V  vi'fv  ciirt'fiil  report  luus  rect- utly  l»een  issued  on  this  subject  by 
Dr.  Tliorue  T!u>rtie,  njedicid  otficer  to  tbe  Local  Government  B(jan.l, 
dealing  uot  only  with  tbe  English  cases  but  with  some  that  have  ap- 
jieared  in  otiier  coiiutries,  among  which  tbe  following  history,  given 
by  Dr.  ("liaiiteiticssti  iu  a  jtapor  on  "Oysters  and  Typhoid  Fever,"  in 
a  cotamiuiicatiou  to  the  Aeademie  de  Medeeine  in  Paris,  appears 
woriby  of  rei'ord:  .\tter  the  complete  absence  from  tbe  little  town  of 
Sjiiiit  .\udre  de  Saugoiiis,  in  tbe  Mediterranean  department  of  He- 
rault,  of  typboid  or  enteric  fever  for  about  a  year,  a  banel  of  oysters 
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was  received  in  the  towii  on  Febmarj  15th,  the  conteutH  being  eaten 
raw  by  fourteea  persons  living  in  six  houses.  These  oystei-s  came  from 
Cette,  a  port  on  the  coast  of  the  same  ilepai-tineut ;  and,  according  to 
the  commission  subsequently  appointed,  the  oysters  in  fjuestion  had 
been  stored  in  waters  highly  contaminated  with  sewage.  All  the 
fourteen  persons  who  partook  of  the  oysters  were  taken  ilJ,  wlierea-s 
other  members  of  the  same  households,  including  seiTanta  who  had 
taken  no  oysters,  remained  well.  Of  the  fourteen  persons  attacked, 
eight  suffered  from  such  symptoms  as  abdominal  jmiu,  vomiting,  loss 
of  appetite,  and  general  malaise.  Four  others  who  were  y(juug  and 
who  had  only  sparingly  eaten  of  the  oysters  were  attacked  with  symp- 
toms of  greater  severity  and  hustiug  from  a  fortnight  to  twenty-five 
days;  these  symptoms  including  dysenteric  diunhtwi,  swelled  abdo- 
men (painful  on  pressure),  great  ijrostration,  and  bowel  discharges 
described  as  infective.  The  remaining  two  persons,  aged  twenty-one 
and  twenty  years  respectively,  sufi'ered  from  excejitionally  severe 
attacks  of  enteric  fever,  one  ease  terminating  fatally. 

This  occurrence  was,  in  Dr.  Chantemesse's  opinion,  so  character- 
istic of  attacks  held  to  have  been  related  to  the  cou8um]>tiun  of  mol- 
luscs that  he  set  himself  to  ascertain  how  far  there  was  evidence  that 
oysters  purchased  from  the  principal  merchants  of  Pari.s,  and  pro- 
fessedly derived  fi'om  different  laviugs  and  countries,  could  be  re- 
garded as  capable  of  bringing  about  similar  results.  The  oysters 
collected  for  this  pur{)ose,  which  appeared  to  V>t'  in  every  respect  in 
excellent  condition,  were  submitted  to  bacteriological  examination; 
and  among  the  numerous  micro-organisms  which  they  exliibited, 
colon  bacilli  were  found  in  goodly  number.  Some  of  these  oysters 
were  then  placed  in  sea  water  which  had  lH?en  intentionally  contami- 
nated with  typhoid  discharges  and  with  the  typhoid  bacillus;  and 
after  remaining  under  these  circumstances  for  tweuty-fmir  hours,  they 
were  taken  out  and  ke])t  for  a  further  period  of  the  same  duration, 
this  being  held  fairly  to  rejireseut  the  jieriod  commonly  elapsing 
between  their  removal  from  the  oyster  layings  or  pontls  and  their 
consumj>tion  as  food.  Tiie  oysters,  which  were  alive  and  quite  nnr- 
mal  in  api>earance,  were  then  submitted  to  liacteriologieal  examina- 
tion, ^^^th  the  result  that  living  colon  baciili  and  also  typhoid  Ijafilli 
could  be  recovered  both  from  the  "  liquor"  and  from  the  bodies  of  the 
oysters. 

The  danger  evidently  chiefly  arises  from  the  fattening  Itods  and 
the  storage  ponds,  from  which  the  oysters  are  taken  for  despatch  to 
market,  being  placed  in  unsuitable  situations.  For  purposes  of  con- 
venience, both  in  regard  to  accessibility  and  facility  for  ]irociiriug 
labor  at  reasonable  cost,  the  cultivation  of  tiysters  i.s  carried  on  at 
Vol.  Xni.— 20 
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points  on  the  coast  which  are  near  to  towns  and  vilbiges,  while  f 
"  fattening"  the  oysters  daring  the  later  stages  of  their  developme 
preference  is  given  to  river  estuaries  or  their  neighborhood.  The 
is  thus  a  tendency  to  use  for  purposes  of  oyster  cultivation  localiti 
which  are  apt  to  be  more  or  less  polluted  with  sewage,  and  the 
seem  ample  grounds  for  the  belief  that  the  risk  of  dangerous  specij 
infection  of  oysters  is  much  more  pressing  as  regards  such  layinj 
■as  are  used  as  fattening  beds,  and  such  pits  as  are  used  for  storaf 
pari)oses,  than  as  regards  other  layings  from  which  oysters  are  n 
despatched  directly  to  market.  The  description  given  of  these  fatte: 
ing  beds  shows  how  greatly  exposed  some  of  them  are  to  sewaf 
contamination.  "It  seems  almost  beyond  comprehension,"  says  D 
Thome  Thome,  "  how  any  one  could  venture  to  'fatten'  oysters  f< 
human  consumption  in  a  river  such  as  this  (the  Medina  in  the  Is 
of  Wight),  which  is  fouled  above  the  layings  by  the  crude  sewage  ; 
Newport,  with  its  10,000  inhabitants,  by  the  effluent  from  the  neigl 
boring  prisons  and  barracks,  and  by  the  overflow  from  the  workhoui 
cesspool ;  and  which  receives  into  it,  immediately  below  the  laying 
the  contents  of  eight  other  sewer  and  drtdn  outfalls  from  East  Cow< 
and  West  Cowes." 

At  Southend,  again,  "  where  there  are  two  layings,  it  was  four 
that  at  one  to  the  west  of  the  pier  the  oysters  are  placed  bet\»'een  tM 
principal  sewer  outfalls,  to  say  nothing  of  the  proximity  of  mint 
outfalls,  at  a  x)oint  where  the  sea  bottom  and  the  matters  floating  r 
the  surface  aflford  the  most  obvious  proof  that  the  conditions  ai 
filthy  in  the  extreme." 

Tliere  seems  then  no  possible  doubt  that  oysters  have  many  o] 
portunities  of  becoming  polluted  by  sewage,  and  in  regard  to  tl 
iiuestiou  wlietlier  the  typlioid  or  the  cholera  microbe  with  which  sue 
sewage  may  i)erehance  be  infected  can  so  far  retain  ifes  vitality  as  1 
be  cai)able  of  gaining  access  to  the  oyster  along  with  tlie  sewage, 
can  only  be  said,  ita  has  already  been  stated  when  treating  of  the  \ii 
bility  of  these  bacilli,  that  sucli  an  event  is  certainly  possible. 

AlthouKh  Dr.  Klein,  who  ooiiduoted  this  part  of  the  investigatic 
for  the  Local  Government  Board,  was  able  in  only  one  instance  \ 
discover  El)orth'H  typhoid  bm-illus  in  the  bo<ly  and  licjuid  of  oystei 
as  supplied  to  the  tnule,  he  abundantly  proved  that  when  oysters  ha 
l)een  placed  in  sea-water  to  wliieh  ty])hoid  iHvcilli  had  been  adde< 
the  bacilli  could  be  recovered  from  within  their  shells  as  late  as  tl 
seventeenth  day,  no  fresh  bacilli  having  Iwen  added  in  the  mean  tinn 
Tlio  investigations  on  the  same  sul)je<'t  recently  undertaken  by  D 
Cai-twright  Wood  on  behalf  of  Tlie  lirillxh  Medical  Journal  em])hasi! 
the  same  point  even  more  forcibly,  so  that  there  need  be  no  hesitatic 
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in  accepting  the  possibility  of  the  conveyance  of  the  infection  of 
typhoid  fever  by  oysters;  and  that  snch  infection  is  so  carried  has 
now  been  shown  in  a  large  number  of  cases.  Of  these  perhaps  the 
moat  interesting  and  convincing  is  the  case  of  an  outbreak  of  tyjihoid 
fever  at  Wesleyan  University,  Middletown,  Conn.,  related  by  Dr.  H. 
W.  Conn  in  the  Seventeenth  Annual  Reiioii  of  the  State  Board  of 
Health  of  the  State  of  Connecticut. 

The  college  has  both  male  and  female  students,  but  the  typhoid 
fever  was  limited  to  the  males.  A  carefin  consideration  of  all  the 
surroundiaga  both  in  regard  to  the  college  liuildings,  the  homes  of 
the  students,  and  the  ordinary  articles  of  diet  appeared  to  exclude 
all  the  more  ordinary  vehicles  of  infection  such  as  water,  milk,  and 
sanitary  defects  in  the  plumbing. 

It  was  an  important  point,  however,  that  between  October  20th 
and  November  Ist  over  20  cases  Lad  occurred,  Init  timt  after  that  date 
they  declined  in  frequency,  although  one  case  f>ccurred  ho  late  as 
November  ilth,  all  of  which  pointed  to  the  source  of  infection  having 
been  in  activity  for  only  a  short  time.  It  was  then  ascertained  that 
all  the  cases  of  typhoid,  with  three  exceptions,  occun-ed  am<jug  mem- 
bers of  three  college  fraternities  or  cIuIjs,  of  which  there  were  seven 
in  the  whole  college,  all  the  members  cou.si.sting  of  male  students. 
These  tfiree  fraternities  contained  among  them  100  students  among 
whom  25  of  the  28  or  29  cases  of  tvphoid  had  developed.  It  was 
evident  that  whatever  the  cause  it  Ijad  some  relation  to  the  doings  of 
these  fraternities,  but  it  was  found  that  the  clubhouses  were  in  dif- 
ferent parts  of  the  town  and  connected  with  at  least  two  difl'ereut 
sewers.  It  was,  however,  found  tbat  on  Octcjljer  lOtli,  eiglit  days  be- 
fore the  first  case,  an  initiation  supper  had  been  given  by  each  of  the 
fraternities,  and  on  inquiring  into  tlie  food  eaten  it  was  found  that 
each  of  the  three  fraternitie.s  involved  had  l)oou  aupjilied  by  the  sanif 
oyster  dealer  with  oysters  which  were  eaten  raw ;  while  at  the  other 
four  fraternities  two  had  had  no  oystei-s,  a  third  had  cooked  oysters, 
and  the  fourth  had  oysters  from  an  entirely  different  source.  More- 
over, of  the  three  students  wlui  were  attacked  with  fever,  although 
not  connected  with  the  fi'aternities,  one  had  been  a  guest  at  one  of 
the  supi>ers  and  another  had  eaten  raw  oysters  in  the  store  of  tlie 
oyster  dealer.  Then  there  were  a  considerable  number  of  guests  from 
other  places,  and  it  was  found  on  inquiry  that  among  these  several 
cases  of  illness  had  occurred,  four  of  which  were  clear  cases  of  ty  [ilioid 
fever  which  took  place  aljout  the  same  time  as  those  in  the  college. 
On  investigating  the  source  from  which  the  incriminated  oysters  had 
been  supplied,  it  was  found  that,  althougli  they  had  grown  in  the  deep 
water  of  Long  Island  Sound,  they  had  teen  deposited  in  the  mouth 
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of  a  fresh-water  stream  for  a  day  or  two  to  fatten,  aod  it  was  farther 
ascertained  that  within  about  a  hundred  yards  of  this  place  was  the 
outlet  of  a  private  sewer  coming  from  a  house  where  a  lady  and  her 
daughter  lived  who  were  at  that  time  in  the  early  stage  of  typhoid 
fever,  they  having  just  come  under  medical  treatment  on  October  11th 
for  an  illness  which  turned  out  to  be  typhoid  fever. 

It  was  also  found  that  several  cases  of  typhoid  fever  had  occurred 
at  Amherst  College  among  members  of  a  fraternity  who,  at  a  frater- 
nity supper  held  on  Ocftber  12th,  had  eaten  raw  oysters  which  had 
been  fattened  at  the  mouth  of  the  same  creek;  and  a  young  man 
from  Boston  who  suffered  from  typhoid  fever  simultaneously  with 
the  rest  was  found  to  have  visited  Middletown  about  the  date  of  the 
banquet,  and  while  there  to  have  eaten  raw  oysters,  in  fact,  to  have 
partaken  of  the  one  lot  which  had  been  sold  by  the  Middletown 
dealer  to  be  eaten  raw. 

Dr.  Conn  summarizes  the  matter  thus: 

"1.  The  dates  of  the  cases  appearing  at  Wesleyan,  all  between 
October  20th  and  November  9th,  plainly  point  to  a  single  source  of 
infection  to  which  all  the  afflicted  students  were  exposed  at  about  the 
same  time.  This  must  have  occurred  a 'little  more  than  a  week 
earlier  than  the  appearance  of  the  first  case,  and  the  initiation  sup- 
pers perfectly  fill  the  conditions. 

"  2.  That  these  initiation  suppers  were  the  source  of  infection  is 
rendered  certain  from  the  fact  that  four  of  the  visitors  who  attended 
these  banquets  and  have  had  no  further  connection  with  the  fraterni- 
ties, have  developed  typhoid  simultaneously  with  the  cases  in  college, 
and  by  the  further  fact  that  two  visiting  Yale  students  who  attended 
the  suppers  have  similarly  suffered  from  typhoid. 

"  3.  The  fact  that  only  three  out  of  seven  fraternities  holding  sup- 
pers on  that  evening  suffered  from  typhoid,  pointed  to  some  article 
of  food  or  drink  used  at  these  three  suppers  and  not  used  in  the  other 
fraternities. 

"  4.  The  fact  that  about  twenty-five  per  cent,  of  the  students  at- 
tending the  suppers  have  suffered  from  typhoid  pointed  to  a  universal 
and  very  active  source  of  infection,  and  not  to  an  incidental  one. 
Whatever  article  of  food  contained  the  infectious  material  must  have 
been  eaten  by  nearly  every  one  present  to  account  for  such  a  large 
I)ercentage  of  cases. 

"  5.  Only  one  article  of  food  or  drink  was  used  by  the  three  socie- 
ties which  was  not  used  equally  by  the  other  four  fraternities.  This 
article  of  food  was  oysters,  and  they  were  eaten  raw. 

"  6.  These  oysters  came  from  a  creek,  where  they  had  been  allowed 
to  fatten  for  a  day  or  more  within  three  hundred  feet  of  the  outlet  of 
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a  private  aewer,  aud  iu  such  a,  positiou  as  to  make  cootamiDation 
from  the  sewer  a  possibility.  At  the  time  that  the  oysters  were  there 
deposited  there  were  two  persons  in  the  house  supply  ing  the  aewer 
who  were  in  the  incubation  period  of  typhoid  fever,  a  period  during 
which  no  attention  would  be  paid  to  their  excreta. 

"  7.  Typhoid  germs  are  not  injured  by  sea-water  or  oyster  juices, 
and  if  they  found  their  way  into  the  oyster  would  certainly  have 
lived  long  enough  to  be  sent  to  Middletown  and  be  served  in  the 
tables  of  the  fraternities. 

"  8.  Twenty -three  cases  of  typhoid  fever  followed  among  the  stu- 
dents in  attendance  on  the  sujipers  at  which  the  oysters  were  eaten, 
and  six  among  jiersous  iu  attendance  and  not  amouj;  the  jiresent  stu- 
dents at  AVesleyan.  In  all  of  the  cases  of  undoubted  typhoid  it  has 
been  possible  to  trace  either  direct  or  indirect  connection  with  these 
oysters.  Tlie  oysters  were  also  eaten  raw  by  one  family  iu  town, 
and  at  least  one  severe  case  of  typhoid  followed. 

"  9.  Tlie  use  of  oysters  from  the  same  locality  by  the  students  at 
Amherst  College  produced,  or  at  all  events  was  followed  by,  an  out- 
break of  typhoid  fever  among  the  students  who  eat  of  them.  These 
facts,  taken  tof^ether,  form  a  cliain  of  evidence  practically  complete 
at  every  point  and  leaving  no  room  for  doubt.  Whatever  may  be 
said  in  rejjard  to  oysters  in  general  the  Wesley  an  outbreak  of  typhoid 
was  caused  by  a  special  lot  of  contaiuinnted  oysters." 

It  would  seem  probable  that  iu  man.v  cases  the  wadiDi  opernmU  of 
infection  by  oysters  is  that  when  the  oyster  is  deposited,  either  for 
fattening  or  storage,  in  some  handy  and  convenient  place  situated 
within  the  area  contaminated  by  a  sewage  outfall,  some  more  or  less 
gross  particles  of  excrementitious  matter  are  taken  into  the  cavity  of 
the  shell  and  become  lodged  in  the  folds  of  the  creature  within,  and 
that  these  particles  are  swallowed  bodily  by  whoever  eats  the  oyster 
in  question. 

The  sanitary  conditions  of  the  locality  where  the  oysters  develop 
is  perhaps  of  small  moment,  but  that  of  the  last  place  in  which  they 
open  their  shells  and  allow  the  water  to  enter  frpel.\'  is  of  the  greatest 
importance,  for  on  it  depends  the  character  of  the  fluid  the  oysters 
take  away  with  them. 

In  regard  to  the  presumed  rarity  of  infection  by  oysters  in  com- 
parison with  the  enormous  number  eaten,  it  is  necessary  to  bear  iu 
mind  the  series  of  coincidences  wliich  must  occur  to  make  such  infec- 
tion possible;  and  this  applies  to  all  other  shell-fish  eaten  iu  the 
same  way.     Dr.  Thorne  Thome  says: 

"  When  the  oyster  trade  of  Great  Grimsby  came  under  suspicion 
in  connectioQ  with  the  cholera  prevalence  of  1893,  it  waa  stated  that 
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if  there  were  any  truth  in  the  alleged  risk  the  resulting  Diischief 
would  have  been  on  a  far  wider  scale  than  was  actually  the  case.  I 
ventured,  at  that  time,  to  point  out  that  in  order  to  enable  a  given 
sample  of  oysters  to  convey  the  infection  of  any  specific  disease,  such 
as  those  which  are  here  in  question,  it  would  be  necessar3'  that  the 
shell  cavity  or  body  of  the  mollusc  should  retain  some  portion  of  the 
sewage — often  in  a  state  of  great  dilution — to  which  it  had  been  ex- 
posed; that  such  portion  of  sewage  should  actually  contain  the  spe- 
cific infection ;  that  this  specific  infection  should  not  be  destroyed  by 
antecedent  cooking  or  otherwise;  and  that  the  oyster  or  oysters 
should  be  consumed  by  some  susceptible  person.  And  I  indicated 
that  the  coexistence  at  one  and  the  same  time  of  all  these  conditions 
was  not  likely  to  be  of  frequent  occurrence." 

It  should  be  borne  in  mind  in  regard  to  this,  as  in  regard  to  many 
other  matters,  that  although  sanitarians  are  glad  enough  to  find  their 
conclusions  supported  by  the  investigations  of  bacteriologists,  it  is 
not  on  bacteriological  theories  and  details  of  laboratory  work  that 
sanitary  science  mainly  depends  for  proof  of  the  modes  by  which 
infection  is  distributed.  In  the  case  of  the  oyster,  "enteric  fever  has 
been  ascertained  to  have  followed  on  the  consumption  of  raw  oysters; 
the  interval  between  such  consumption  and  the  onset  of  the  symptoms 
has  corresponded  with  the  incubation  period  of  the  disease ;  the  spe- 
cial incidence  of  the  disease  has  been  on  those  who  were  known  to 
have  partaken  of  tlie  oysters,  while  others,  who  would  only  be  differ- 
entiated from  tlie  sufferers  in  that  they  had  not  partaken  of  the 
oysters,  escaped.  The  consumption  of  oysters  has  been  ascertained 
by  a  i)roce8s  of  exclusion  to  have  been  the  only  medium  through 
wliicli  such  a  disease  could  have  been  simultaneously  communicated 
to  the  sufferers ;  and  at  times  the  oysters  in  question  have  been  found 
to  have  had  ()pi)ortuiiity  of  coufaimination  by  human  excreta,  even  by 
specifically  infected  excreta."  Such  evidence  is  enough,  even  with- 
out the  microl)e.  But  when  we  find  on  tracing  the  life  history  of  the 
micro-organism  which  has  been  shown  by  other  means  to  be  causally 
connected  with  the  disejise  in  (luestion,  and  which  is  known  to  be 
pourod  with  sufficient  i^rofusion  into  the  sewers,  that  it  can  live 
therein,  that  it  can  live  in  sea-water,  and  that  when  it  gains  an  entry 
within  the  shell  of  the  oyster  it  can  live  there  also  for  quite  time 
enough  to  enable  the  oyster  to  be  brought  both  to  market  and  to 
bible,  the  ordinary  common-sense  proof  which  is  sufficient  in  itself 
receives  strong  confirmation;  and  it  is  unnecessary  to  point  out  how 
greatly  each  line  of  proof  is  strengthened  by  its  agreement  with  the 
other. 

It  is  by  drink,  however,  far  more  than  by  either  air  or  food,  that 
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the  infectiou  of  typhoid  fever  ia  carried  from  man  to  man.  Even 
where  infection  18  attributed  to  food  it  is  very  commonly  the  case 
that  water  is  the  actual  agent  involved  in  the  transference  of  the 
microbe,  and  that  if  proper  care  had  been  taken  in  regard  to  the 
water  employed  in  culinary  and  other  processes  the  fotxl  would  never 
have  developed  its  infective  properties.  Hence  the  phenomena  of 
water-borne  typhoid  became  the  key  by  which  the  distribution  of  the 
disease  even  by  other  agencies  is  often  to  be  explained. 

One  of  the  most  important  points  to  be  borne  in  mind  in  regard 
to  the  etiology  of  this  disease  is  that  man\-  of  the  cases  are  of  such 
slight  severity  that  they  are  able  to  go  about  during  a  considerable 
part,  i>erhaps  during  the  whole  of  the  progress  of  the  malady.  Thus 
it  happens  that  the  infection  is  carried  into  fresh  places  and  over  long 
distances  by  persons  who  are  not  known  to  be  ill,  and  who  recover 
without  leaving  any  trace  of  their  ha\ing  been  agents  in  its  dissemi- 
nation. Travellers,  vagrants,  and  honest  wanderers  in  search  of  work, 
from  the  irregularity  of  their  lives  in  regard  to  food  and  drink,  are 
much  more  liable  than  others  to  become  infected,  and  in  fact  often 
break  down  from  typhoid  fever  in  the  course  of  their  wanderings. 
So  long,  however,  as  they  are  able  to  keep  on  the  move  the  habits  of 
the  vagrant  class  render  them  peculiarly  liable  to  spread  the  disease 
among  the  inhabitants  of  the  districts  through  whicii  they  pass;  and, 
although  it  is  true  that  civilized  communities  ought  to  do  much  more 
than  they  are  apt  to  do  to  secure  pure  water  for  domestic  and  dietetic 
use,  it  is  also  true  that  this  is  not  altogether  a  matter  of  water  works 
and  engineering,  but  that  one  of  the  steps  necessary  for  this  purpose 
is  the  regulation  and  suppression,  so  far  as  may  be,  of  the  nomadic 
parasites  of  civilization,  the  vagrants  who  acknowledge  no  responsi- 
bility, contribute  to  no  rates,  and  submit  themselves  to  no  rules  as 
to  decency  of  behavior.  These  people  revert  to  natnnd  methods  in 
regard  to  the  disposal  of  their  excreta,  and  there  can  lie  little  doubt 
that  many  of  those  untraceable  and  apparently  mysterious  outbreaks 
of  typhoid  fever  which  have  led  some  investigators  to  imagine  that 
the  disease  must  originate  de  novo  have  really  been  caused  by  the 
poUutioQ  of  rural  watercourses  with  typhoid  excreta  deposited  by 
infected  vagrants  wandering  across  the  country. 

It  would,  however,  be  incorrect  to  suggest  that  the  etiology  of 
typhoid  fever  is  so  simple  an  affair  as  to  be  expressed  by  the  crude 
assertion  that  infectiou  is  necessarily  the  direct  outcome  of  the  inges- 
tion of  water  directly  polluted  with  typhoid  excreta.  It  is  well  known 
that  such  a  pollution  will  produce  it,  and  numerous  examples  will  be 
given  later  on  to  prove  this  point ;  but  in  many  cases,  especially  where 
the  disease  appears  to  be  endemic,  the  relation  is  much  more  complex. 
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There  is  every  reason  to  believe  that  the  microbe  of  typhoid  fever 
plays  a  doable  role,  and  that,  although  it  is  best  known  as  a  parasite, 
it  {Jso  exists  as  a  saprophytic  organism,  able  to  maintain  its  life  for 
long  periods  quite  independently  of  man.  It  has  even  been  main- 
tained that  some  such  alternation  of  its  phases  of  existence  is  neces- 
sary to  the  development  of  its  infective  power,  and  this  hypothesis 
receives  some  support  from  the  opinion  held  by  many  that  fresh 
typhoid  stools  are  not  infectious,  and  that  it  is  only  after  a  certain 
period  has  elapsed,  or,  in  other  words,  after  the  bacilli  have  had  an 
opportunity  of  multiplying  outside  the  body,  that  their  infective  proi)- 
erties  attain  their  full  virulence.  In  any  case,  however,  when  the 
typhoid  bacillus  gains  access  to  the  body,  and  becomes  implanted  in 
human  tissues,  it  again  takes  on  its  parasitic  life,  and  sets  up  that 
definite  train  of  symptoms— some  the  result  of  the  absorption  of  toxic 
products  formed  in  the  course  of  its  growth,  others  the  outcome  of 
the  active  resistance  of  the  tissues — the  sum-total  of  which  go  by  the 
name  of  typhoid  fever. 

While,  then,  in  many  cases  it  will  be  found  that  typhoid  fever 
can  be  traced  back  to  a  direct  infection,  the  patients  having  taken 
water  which  could  be  proved  to  be  polluted  with  typhoid  excreta,  in 
many  others  the  infective  organism  must  have  lived  a  saprophytic  life 
for  some  time,  must  indeed  have  passed  through  many  generations  of 
growth  between  being  excreted  by  one  patient  and  absorbed  by  an- 
other. Herein,  it  may  be  observed,  lies  one  great  difference  between 
ei)idemic  and  sporadic  outbreaks  of  the  disease.  A  water  supply, 
whether  a  spring  or  well,  a  running  brook,  or  a  reservoir  owned  by  a 
company  or  municipality,  is  usually  shared  in  common  by  many 
people,  and  a  direct  infection  of  such  a  source  is  almost  of  necessity 
followed  by  a  widespread  distribution  of  the  germs  of  the  disease. 
Tlie  extent  and  the  incidence  of  the  resulting  outbreak  will  no  doubt 
be  larKoly  influenced  by  the  susceptibility  of  those  who  drink  the 
water ;  but  at  any  rate  their  opportunity  for  developing  the  disease 
will  be  widely  spread,  and  as  a  fact  it  is  commonly  found  that  the 
direct  iufeotion  of  a  water  8ui)ply  is  followed  by  an  outburst  which  is 
sudden  in  its  <levelopments,  is  widely  spread  within  the  area  in 
which  the  infected  water  is  distributed,  and  is  at  first  limited  to  that 
area. 

These  are  the  ordinary  characteristics  of  what  is  spoken  of  as 
"water  typhoid"  or  "milk  typhoid,"  which  is  only  another  form  of 
the  same  thing,  it  being  the  water  in  the  milk  or  the  water  used  in 
the  treatment  of  the  milk  cans  which  is  the  cause  of  the  mischief. 
It  must,  however,  be  remembered  that  typical  as  are  some  of  the 
reported  instances  of  water  typhoid,  especially  where,  but  for  the 
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iufectiou  of  the  water,  the  sanitary  conditious  of  the  place  are  good, 
it  is  DO  imcommon  thing  to  &nd  that  although  the  early  days  of  an 
outbreak  show  the  characteristic  tyjie  of  a  water  epidemic,  this  soon 
fades  off  into  a  widespread  prevalence,  the  relation  of  which  to  any 
water  supply  can  no  longer  be  traced  with  any  accuracy.  The  fact  is 
that,  given  the  occurrence  of  an  epidemic  of  typhoid  in  a  place  in 
which  the  sanitation  is  bad,  whatever  may  have  been  the  cause  of  the 
original  outbreak  it  continues,  and  it  spreads  in  respoose  to  influences 
which  may  or  may  not  have  to  do  with  water,  but  have  at  any  rate 
nothing  to  do  with  the  original  water  infection  which  started  the 
epidemic. 

This  is  a  matter  which  it  is  of  some  impoiiance  to  recognize,  for 
it  applies  fully  as  much  to  cholera  as  it  does  to  t\  phoid.  Here 
lie^i  the  great  dili'erenee  between  the  final  results  arising  from  the 
introduction  of  an  infection  into  a  district,  according  as  ita  sani- 
tary appliances  are  good  or  bad.  In  the  one  case,  so  soon  as  the 
cause  of  the  outbreak  is  discovered  and  the  use  of  the  polluted  water 
is  stopped,  the  epidemic  ceases;  in  the  other,  the  typhoid  bacillus 
gains  a  foothold  in  the  place  itself,  and,  although  it  may  not  liecome 
I>ermanently  endemic,  a  prevalence  of  the  euilemic  type  persiKta  for  a 
considerable  time,  long  after  the  original  defect  has  been  rectified. 

It  is  extremely  difficult  to  follow  the  ins  and  outs  of  the  typhoid  in- 
fection when  sporadic  cases  keep  cropj)ing  up  at  considerable  inter- 
vals of  time,  and  when  there  is  no  apjiarent  connection  of  the  cases 
with  each  other  beyond  the  fact  that  certain  villages  and  certain 
liouses  appear  more  prone  than  others  to  the  disease;  and  it  seems 
not  unfair  to  suppose  that  in  such  cases  the  soil,  and  perhaps  even 
the  houses  themselves,  may  have  become  infected  with  the  haciili, 
may,  in  fact,  be  affording  them  a  nidus  in  which  they  may  develop 
and  keep  up  their  vitality  until  the  time  arrives  when,  as  the  result 
of  some  sanitary  sin,  some  dirty  trick,  some  lack  of  care  in  mainfaiin- 
ingthe  cleanliness  of  food  or  water,  the  poison  again  finds  access  to  a 
susceptible  individual,  and  the  disease  again  appeai-s,  to  be  once 
more  carried  about  by  the  patient,  and  again  to  set  up  fresh  out- 
breaks wherever  he  may  deposit  hia  excreta. 

In  many  of  these  ca.ses  in  which  typhoid  fever  occurs  sporadically 
and  quite  independently  of  any  widespread  water  epidemic,  the  dis- 
ease still  is  water-borne  so  far  as  the  final  act  of  carrying  the  infec- 
tion to  the  month  is  concerned. 

In  regard  to  the  apparent  anomaly  involved  in  the  water  carriage 
of  sporadic  cases  occurring  at  long  intervals,  it  is  necessary  to  bear  in 
mind  the  small  proportion  of  those  exposed  to  the  chances  of  infec- 
tion who  suffer  from  the  disease,  even  where,  as  when  the  water 
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supplies  of  laxge  towns  are  affected,  the  pathogenic  organism  is  known 
to  have  been  swallowed  by  a  large  number  of  people.  A  very  simple 
calculation  on  this  basis  is  sufficient  to  show  that,  even  where  the 
bacillus  has  taken  root  in  the  soil  so  that  the  cause  of  the  disease  is 
practically  eudemic  in  the  locality,  the  disease  may  be  a  long  time  in 
appeariug,  and  when  it  apijeara  may  a£fect  only  a  small  number  of 
people  and  then  only  at  considerable  intervals  of  time.  Where  a 
cesspool  or  a  drain  leaks  directly  into  a  well,  the  conditions  exist  for 
the  development  of  an  active  and  virulent  outbreak  affecting  a  con- 
siderable number  of  those  who  use  the  water  from  the  well  in  ques- 
tion. The  dose  of  infection  in  such  cases  is  probably  much  larger 
than  is  usually  the  case  in  any  outbreak  arising  from  the  implication 
of  public  water  supplies.  Nevertheless,  even  in  such  cases  a  consider- 
able number  of  the  drinkers  escape.  But  the  infection  of  a  local 
water  supplj',  a  farm  well,  for  example,  by  soil-grown  typhoid,  is  a 
very  different  thing  from  its  infection  by  a  direct  leak  from  a  typhoid- 
poisoned  cesspool ;  the  infection  of  the  well  may  be  only  intermittent, 
the  dose  is  less,  and  the  proportion  of  ilriukers  whom  that  dose  is 
able  to  affect  is  smaller.  Although  the  microbe  may  be  almost  per- 
mauontly  present,  growing  as  a  sajirophyte  in  the  soil,  it  may  only 
at  long  intervals  obtain  a  foothold  in  the  human  botly,  partly  from 
the  rarity  with  which  it  meets  with  a  susceptible  individual  among 
the  small  uumlier  of  people  who  partake  of  the  infected  water,  partly 
from  the  fact  tljat  it  may  only  be  during  exceptional  conditions  of 
rainfall  that  the  bacillus,  although  existing  in  the  soil,  may  take  on 
acti\e  gvoi^th  or  gain  access  to  the  well  or  other  source  from  which 
drinking-water  is  drawn. 

This  point  is  one  of  no  small  interest.  It  has  been  too  hastily 
assumed  by  some  that  the  only  role  played  by  excessive  rainfall  is 
as  a  carrier  of  tilth  which  has  been  accumulated  on  the  surface  of 
the  laud  into  the  watercourses  which  drain  it.  Typhoid  excreta 
have  been  looked  upon  as  so  much  poison  lying  dead  and  inert  until 
washed  into  the  watercourses,  carried  back  again  to  man,  and  so 
brought  again  into  activity  as  producers  of  disease.  This,  however, 
is  but  a  very  imi)ei-fect  concei>tiou  of  what  goes  on  in  typhoid-sodden 
soils.  In  them  it  is  not  a  mere  question  of  washing  accumulatious 
of  filth  off  the  surface,  but  of  draining  out  of  the  soil  itself  organisms 
whifli  have  grn-mi  in  it — the  descendants  doubtless  of  microbes  which 
have  bpeu  implanted  in  it  by  previous  contamination  by  typhoid 
excreta,  but  tliemselves  quite  innocent  of  any  direct  connection  with 
an  J'  recent  case  of  typhoid  fever.  It  is  in  regard  to  this  aspect  of  the 
case  that  Petteukofer'a  "  ground-water  theory"  is  of  so  much  interest 
Be  showed  that,  in  Munich  at  any  rate,  there  was  a  connectioD  be- 
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tween  the  movements  of  the  ground  water  and  the  prevalence  of 
typhoid  fever.  This  was  not  a  matter  of  level  but  of  alteration  of 
level.  His  obserrationa  were  to  the  effect  that  the  number  of  the 
cases  and  of  the  deaths  from  typhoid  fever  fell  with  the  rise  of  the 
subsoil  water,  and  rose  with  the  fall  of  it,  the  prevalence  of  the  dis- 
ease being  in  proportion  not  to  the  level  attaiueil  at  the  moment  by 
the  subsoil  water,  but  only  to  the  variation  of  level  which  was  then 
taking  place.  These  olwervations,  so  far  as  i'e(.;ards  certain  places, 
have  been  confirmed  by  subsequent  observerw,  while  in  rej^ard  to 
others  they  have  been  refuted ;  so  that,  altliougli  Pc ttpukofer'a  obser- 
vations were  right  iu  regard  to  the  localities  dealt  with,  it  cannot  be 
said  that  the  ground-water  theory  is  correct  as  a  general  or  universal 
law.  In  fact  it  is  quite  clear,  as  will  be  seen  by  the  cases  which  are 
^iveu  later  on  iu  this  article,  that  in  very  many  ia-^tauces  the  occur- 
rence of  typhoid  can  be  definitely  traced  to  a  localized  fouling  of 
the  water  supply  taking  place  at  a  considerable  disbince  from  the 
place  where  the  outbreak  has  occurred,  and  that  no  condition  of  the 
ground  water  at  the  latter  place  can  have  had  anything  to  do  with 
the  outbreaks  in  tjuestion.  These,  however,  are  cases  of  infection  of 
public  water  supplies,  reservoirs,  conduits,  etc.,  and  are  in  quite  a 
different  category  from  those  iu  which  an  occasional  or  a  iierioilical 
epidemicity  has  been  grafted  on  to  a  more  or  less  endemic  prevalence 
of  the  disease.  In  such  cases,  with  our  knowledge  of  the  microbic 
origin  of  tyjihoid  fever  and  of  the  power  possessed  by  the  micro- 
organism associated  with  it  of  leading  a  saprophytic  existence,  it  is 
easy  to  see  how  important  a  part  may  in  some  places  be  played  by 
oscillation  of  the  level  of  the  groundwater  iu  causing  a  miiltiplicatitm 
of  the  infective  organisms  and  perhaps  in  increasing  their  virulence. 

Laboratory  experiments  show  that  certtiin  conditions  as  to  heat, 
moisture,  access  of  air,  and  character  of  nutrient  medium  are  neces- 
sary for  the  production  of  the  best  results  iu  the  cultivation  of  micro- 
organisms, and  there  is  reason  to  believe  tliat  little  influence  as  the 
movements  of  the  ground  water  may  have  in  producing  outbreaks  of 
typhoid  where  the  water  supply  comes  from  pure  sources  at  a  dis- 
tance, they  may  have  a  great  effect  in  producing  those  couditions 
which  are  most  appropriate  for  the  growth  of  the  bacillus  in  a 
sewage-sodden  soil,  and  may  thus  lead  to  a  prevalence  of  fever  among 
those  whose  water  supply  is  gathered  from  it,  or  whose  dwellings 
are  bo  situated  and  so  contrived  as  to  draw  air  from  the  infected 
subsoil.  We  know  far  too  little  about  the  mode  in  which  foulness  of 
the  ground  air  affects  the  health,  but  it  is  worth  while  to  observe  that 
variation  in  the  level  of  the  groimd  water  involves  variation  also  of 
the  axaoimt  of  tho  ttrouud  air.    It  is  to  be  noted  also  that  while  the 
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jjround  water  is  risiui^,  the  damp  layer,  the  layer  in  which  microbic 
life  can  be  carried  on  with  greatest  vigor,  is  lieing  contiuaally  sub- 
uiei^ed  as  the  water  advaiices  upwards,  while  when  the  ground  water 
sinks  it  leaves  behind  it  an  ever-increasiuy  thickness  of  moist  soil 
aeratetl  by  the  air  wliich  is  drawn  in  after  the  retreating  waters,  aod 
polluted  by  the  soaka^^e  from  the  surface  wliich  took  place  daring 
the  preceding  rains. 

In  reganl  to  this  the  following  passage  from  Notte  and  Firth's 
"Hygiene"  is  worth  quoting:  "Criticising  these  views  of  Petten- 
kofer's.  Ranke  Ima  pointed  out  that  no  enteric  fever  exists  in  the 
neighborluxxi  of  Munich  but  what  is  imported  from  Munich  itself, 
although  lx>th  the  soil  and  ground  water  are  the  same.  Munich  has 
a  soil  consisting  of  fine  sand,  with  a  peculiar  power  of  holding 
nitrogi^nous  suKstnuces;  it  is  largely  honeycombed  with  cesspools, 
from  which  more  thsin  ninety  per  cent,  of  the  contents  soak  into 
tlie  surrounding  soil,  and,  as  the  streets  are  well  paved,  the  honaeB 
of  the  town  constitute  the  only  outlets  for  the  foul  soil  air.  A  very 
siu»il;ir  Jirgunieut,  together  with  some  very  interesting  facts  concern- 
ing the  previUence  in  Dublin  of  enteric  fever,  have  been  brought  for- 
wiii-d  by  Sir  C.  A.  Cameron.  For  some  years  a  persistent  occurrence 
of  tills  disojiso  has  existed  in  Dublin,  which  cannot  be  accounted  for 
citlier  by  polluttnl  water,  milk,  or  food,  and  which  has  not  very  sensi- 
bly decn'tist'd  even  after  an  improvement  in  the  water  supply.  Sir 
C.  X.  CauuTon  attril>utes  this  prevalence  to  the  practice,  which  has 
l>tH>u  in  use  in  Dublin  for  years,  of  storing  excreta  in  pits,  so  that  the 
soil  \uL-i  lieconie  thoroughly  saturated  with  the  specific  organism  of 
tilt'  diseiuse ;  these  he  thinks  are  carried  into  the  atmosphere  by  dis- 
]  >lju'tMm>uts  of  ground  air.  According  to  him,  the  ratio  of  cases  to 
IHipulatiou  living  in  Dublin,  on  a  loose,  porous  gravel  soil  for  the 
tiMi  yoai-s  1SS1-',)1,  \viu«i  1  in  94;  while  the  ratio  for  those  living  on  a 
stirt'  clay  was  but  1  in  145.  '  This  is  what  we  should  expect,  since 
tlu'  uioveiiicuts  of  the  ground  air  are  much  greater  in  loose,  porous 
than  in  stirt"  clay  soils." "" 

The  questiou  of  air-borne  typhoid  is  beyond  the  scope  of  the 
lirosent  article,  but  it  is  worth  while  pointing  to  the  fact  that  any 
coiidilious  which  could  i>ro<luce  an  infective  ground  air  would  cer- 
tainly produce  an  iufective  ground  water,  and  however  completely  a 
town  may  jip!>ear  to  In-  furnished  with  a  piped  supply  of  municipal 
water,  there  is  no  safety  so  long  as  the  pipes  are  surrounded  with  au 
infected  subsoil.  There  are  two  ways  in  which  even  high-pressure 
water  |iipes  may  Ivecome  fouled  by  aljsorption  from  the  ground  in 
which  they  are  laid.  On  the  one  hand,  whenever  the  water  is  tamed 
I    oflf  for  repairs,  and  especially,  as  in  the  case  in  many  otherwise  fairlj 
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sanitary  towus,  London  for  example,  where  the  supply  is  iutermit- 
tent  and  is  turned  off  for  a  considerable  portion  of  every  day,  every 
leak  in  every  pipe  drawa  in  water  from  the  anbaoil — pure  water  if  that 
is  pure,  but  foul  if  the  subsoil  is  foal,  as  it  usually  ia  in  towns. 

Thia  in-sucking  of  foul  subsoil  water  is  by  no  means  ao  uncom- 
mon an  occurrence  as  people  might  imagine.  A  very  large  quantity 
of  water  ia  constantly  lost  by  the  water  eompaniea  in  couae(|ueuce  of 
the  leakinesa  of  their  i)ipes,  and  wherever  there  ia  n  leak  wlipu  the 
pipe  ia  full  there  teuds  to  be  an  in-aueking  when  the  jiipe  ia  empty. 
lu  gravel  soils  especially  leakages  are  commou,  because  the  effused 
water  runs  away,  and  thus  the  leak  is  not  so  fiuickly  (liscovercd  as 
otherwise  might  be  the  case;  and  cases  have  occurred  iu  which  the 
safety  of  the  road  above  has  been  seriously  imperilled  by  the  gradual 
washing  away  of  the  soil  below  from  this  cause.  Iu  one  of  the  recent 
water  famines  in  the  East-End  of  London  much  of  the  scarcity  of 
water  was  attributed  to  the  numerous  undiscovered  leaks  that  existed 
in  the  pipes  underground;  and  in  regard  to  the  waste  of  water  iu 
another  district,  it  was  at  one  time  generally  understood  that  the 
wat«r  company  fouud  it  cheajier  to  pump  more  water  than  to  search 
for  small  leaks.  If  then  the  measure  of  the  water  lost  by  leakage  lie 
taken  as  in  some  sort  a  clow  to  the  extent  of  the  risk  of  fouling  of  the 
supply  from  in-draught  during  the  time  when  tlie  pressure  is  turned 
off,  it  is  clear  that  a  foul  subsoil  is  no  slight  danger  to  auy  town  that 
has  an  intermittent  water  supply.  It  has  lately  been  shtrwu,  however, 
that  even  while  the  pipes  are  flowing  full  of  water  an  in-draught  may 
take  place  whenever  the  ajieod  of  flow  gives  the  water  a  certain  mo- 
mentum and  a  lan^e  tjuautity  of  water  is  being  drawn  from  the  pipes 
in  the  lower  iwrtion  of  the  area  suppbed;  so  that  even  a  constant 
supply  is  no  complete  safeguard  against  the  pollution  of  a  water 
supply  when  the  aubsoil  of  the  district  to  which  it  is  distributed  is 
itself  contaminated  with  excrementitious  jirfiducts.  \Vhere,  however, 
as  is  still  the  case  in  many  rural  districts,  the  water  supjily  is  derived 
from  surface  wells,  the  danger  of  infection  with  i>athogenic  organisms 
is  constant  and  well  recognized. 

The  best  proof  of  the  views  here  jmt  forward  as  to  the  role  played 
by  water  in  the  distribution  of  typhoid  fever  is  to  be  obtained  from 
a  consideration  of  concrete  examples,  histories  of  outbreaks  which 
have  been  shown  on  investigation  to  have  been  set  up  by  the  use  of 
specifically  polluted  water,  always  bearing  iu  mind,  however,  the  dis- 
tinction which  has  already  l>een  drawn  between  the  effect  of  a  whole- 
sale implication  of  a  general  water  supply,  an  effect  usually  spoken 
of  as  a  water  epidemic,  and  that  of  the  rejieated  implication  of  sepa- 
rate souroea  consequent  on  the  micro-cjrgauisms  having  become  en- 
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demic  in  the  places  affected  and  only  occasionally  gaininK  access  to 
the  water  in  such  quantity  as  to  be  effectual  producers  of  disease. 

As  a  mere  matter  of  proof  that  typhoid  fever  can  be  distributed 
by  means  of  water,  those  cases  in  which  large  water  supplies  have 
become  infected  are  the  most  interesting  on  account  of  the  large  num- 
ber and  varied  surroundings  of  the  persons  attacked.  TVhere  farm- 
steads become  infected  with  the  disease,  however  clear  it  may  be  that 
the  local  well  is  the  source  and  centre  from  which  the  infection  has 
been  distributed,  very  often  other  sanitary  deficiencies  are  present, 
and  it  is  almost  of  necessity  the  case  that  the  people  attacked  have 
many  other  things  in  common  besides  the  drinking-water.  Wheu, 
however,  a  town  which  has,  up  to  the  outbreak,  been  fairly  healthy, 
becomes  suddenly  or  rai)idly  infected,  when  the  disease  attacks  jteo- 
ple  of  different  classes  of  society,  i)eople  whose  surroundings  differ, 
and  who  dwell  in  different  parts  of  the  town,  when  the  one  thing 
that  can  be  discovered  common  to  those  who  suffer  is  the  water  from 
a  given  source,  and  especially  when  people  who  get  their  water  from 
other  sources  do  not  suffer,  or  suffer  in  markedly  less  degree,  then 
we  may  be  said  to  have  proof  that  the  water  has  been  the  vehicle  by 
which  the  disease  has  been  distributed. 

In  August,  1867,  an  outbreak  of  typhoid  fever  b^^an  in  Guilford, 
which  before  it  ended  affected  five  hundred  persons  and  caused 
twenty -one  deaths.  A  new  well  had  been  sunk  through  a  porous 
stratum  of  chalk,  and  in  close  proximity  to  various  sewers,  one  of 
whieli  wiis  found  to  leak  in  several  places,  almost  certainly  jwlluting 
the  well.  On  a  i)artieular  day,  and  on  that  day  only,  houses  in  a 
cerbiiu  pai-t  of  the  town  were  supplied  from  a  high-level  resenoir 
tilled  from  tliis  well.  In  the  first  fortnight  of  the  epidemic  all  hut 
a  few  (less  than  a  dozen)  of  the  one  humlred  and  fifty  cases  that  <k'- 
ourred  were  among  the  consumers  of  this  high-level  supply,  ami 
even  of  the  few  exceptions  three  were  known  to  have  druuk  freely 
of  the  implicated  water.  As  is  common  where  local  sanitati<m  is 
not  perfect  the  disease  afterwards  became  more  diffused,  but  during 
tlie  wliole  period  of  its  ei)idemieity  it  was  almost  exclusively  con- 
fined to  the  part  of  the  town  coiTespouding  with  the  high  level  sec- 
tion of  the  water  K(>rvico.     People  of  all  classes  were  affected. 

An  outl)reak  of  f(>ver  among  the  students  at  Cains  College,  Cam- 
bridge, althounh  affecting  a  very  much  smaller  number  of  persons, 
is  of  interest  from  the  fact  that  the  source  of  the  infection  as  well  as 
the  mode  of  its  distrilmtion  could  bo  discovered.  Tlie  incidence  of 
the  fever  in  this  case  was  wholly  xipon  tljose  students  who  were  resi- 
dent within  tlie  college  (at  Cambridge  many  of  the  students  reside  in 
hxlgiugs  outside  th(^  colleges),  and  a  large  majority  of  the  cases  oc- 
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curreJ  among  those  whose  rooms  were  in  one  particular  imrt  of  it 
called  Tree  Court.  The  water  supply  for  the  college  was  taken  direct 
from  the  public  mains  at  sis  different  points,  one  branch  siipplying 
Tree  Court  and  no  other  i>art.  Now  there  was  a  peculiarity  about 
the  arrangements  of  the  water-closets ;  those  in  the  rest  of  the  college 
had  cisterDS,  while  those  in  Tree  Court  were  supplied  direct  from  the 
high-pressure  main.  Although  valves  were  provided  which  were 
believed  to  be  capable  of  preventing  any  regurgitation  of  air  or  water, 
it  was  proved  that  they  were  iueffieient,  and  tluit  there  was  a  reflux 
of  air  when  the  water  at  the  main  was  turned  off ;  and  on  examining 
n  dirty-looking  layer  which  lined  the  water-jiipp.s  this  whs  found  to 
contain  nitrogenized  organic  matter  as  well  as  ii!iosi)h()nc  acid,  show- 
ing that  liquid  filth  as  well  as  sewer  air  had  fretiuently  entered  the 
pil>e8.  On  further  incpiiring  into  the  history  of  the  outbrfak  it  was 
found  that  one  of  the  closets  had  been  used  by  an  attentlaut  who 
afterwards  developed  symptoms  of  typhoid  fever,  and  that,  about  a 
fortnight  Ijefore  the  first  case  occurred  among  the  students,  there  had 
been  an  intermission  in  the  water  sup]>ly,  tlius  giving  an  opjiortuuity 
of  in-sucking  of  foul  matter  into  the  pipe,  aud  that  certainly  just  a 
fortnight  before  the  date  of  the  second,  third,  aud  fourtli  eases  there 
had  been  another  such  iutermissiou.  It  can  hardly  he  doubted  that 
in  this  case  the  water  arrangements  had  for  long  allowed  of  the  pol- 
lution of  the  water  supjily  whenever  the  supply  w!is  turned  oiT,  and 
that  so  soon  as  the  pollution  t(X)k  place  in  the  form  of  a  specific  in- 
fection the  disease  spread  among  the  drinkers. 

Between  July  and  October,  18S7,  in  a  small  town  called  Mountain 
Ash,  there  were  518  cases  of  typhoid  fever,  88  per  ceut.  of  which 
occurred  in  an  area  the  water  sujiply  of  which  was  derived  from  one 
main,  beyond  a  point  where  it  was  afterwards  sliown  to  1»  leaky  aud 
to  have  been  recklessly  laid  "immediately  above,  alongside,  and  even 
through  old  rubble  drains."  At  this  spot  the  water-nuiin  received 
into  its  interior  liijuid  filth  from  the  soil  and  the  sewer  whenever  the 
supply  was  turned  off  and  the  interior  pressure  reninved,  and  tliere 
was  reason  to  believe  that  even  when  "running  full"  a  certain  amount 
of  "in-sucking"  of  this  foul  material  took  place.  l\Ir.  Spear,  who 
rejxjrted  on  the  case  for  the  Local  Government  Board,  says :  "  At  any 
time  of  intermission  it  is  plain  that  the  leaky  water-pi  [les  were  at 
liberty  to  discharge  their  contents  through  any  opening  at  a  lower 
level,  and  that  they  would  convey  not  only  such  water  as  remained  in 
them,  but  those  matters  also  which  entered  at  the  points  of  leakage. 
In  short,  the  leaky  jujies  would  act  as  so  many  means  of  draining 
the  ground  in  which  they  were  jtlaced.  .  .  .  Intermission  of  water- 
current,  however,  is  not  by  any  means  essential  for  the  introduction 
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of  foreign  matter  into  water-pipes.  Under  Tarioos  physical  condi- 
tions very  powerful  in-suction  of  external  matters  into  a  fall-flowing 
water-pipe  can  take  place."  This  is  a  matter  of  great  importance  in 
regard  to  the  nature  of  the  ground  through  which  water-pipes  are  laid. 

An  outbreak  which  occurred  at  Over  Darwen,  in  1874,  is  of  great 
interest  from  the  extraordinary  severity  of  the  attack,  its  suddenness, 
and  its  definite  connection  with  a  known  source  of  water  pollution. 
The  case  was  reported  on  for  the  Local  Qovernment  Board  by  Dr. 
Stevens.  Out  of  a  population  of  21,273  inhabitants,  2,035  i^rsons 
were  affected  with  the  disease  within  a  very  short  time,  some  1,500 
cases  coming  under  treatment  within  a  space  of  three  weeks.  The 
generally  dirty  condition  of  the  town  no  doubt  greatly  conduced  to 
the  continuance  of  the  disease  after  so  many  foci  of  infection  had 
been  set  up,  but  the  sudden  and  universal  outbreak  showed  its  con- 
nection with  the  water  supply.  It  attacked  all  classes  of  dwellings, 
all  parts  of  the  town,  and  houses  very  differently  circumstanced  in 
regard  to  filth  conditions.  The  water  supply  was  the  only  condition 
common  to  the  whole  town.  On  inquiry  it  was  found  that  the  first 
case,  which  was  an  imported  one,  occurred  at  a  house  some  distance 
from  the  town.  It  was  found,  moreover,  that  the  drain  from  this 
house,  into  which  the  excreta  of  the  patient  were  thrown,  crossed  the 
water-main,  that  the  drain  was  blocked,  that  cement  around  it  had 
given  way,  that  the  water  conduit  was  defective  at  that  ix)int,  and 
that,  as  a  fact,  the  contents  of  the  drain  were  sucked  freely  into  the 
water-i)ipe8  8ui)plyiug  the  town. 

An  even  more  definitely  proved  case  was  the  outbreak  which  took 
l)lace  at  Iledhill  and  Ciiterham  in  1879.  A  workman  employed  in  an 
adit  between  two  deep  wells  belonging  to  the  Caterham  waterworks 
became  affec^ted  with  typhoid  fever,  but  did  not  at  once  leave  his 
work.  While  thus  enii)loyed  he  contaminated  the  workings  by  the 
specific  infection  contained  in  his  evacuations,  which  were  copious 
and  frecpieut.  The  ei)idt>niic  which  followetl,  save  for  a  few  second- 
ary cases  which  l)egau  lat<'r,  was  exclusively  confined  to  persons  using 
the  water  supplied  by  tliis  company,  while  large  jKipulations  closely 
adjacent  to  the  affected  districts,  but  drinking  other  water,  wholly 
escaped  the  fever.  The  number  of  persons  affected  amounted  to 
three  hundred  and  fifty -two.  The  workman  who  was  the  source  of 
the  infection  (-ontiuned  at  his  post  for  a  fortnight  after  he  became 
ill,  and  after  an  interval  of  a  fortnight  the  attacks  became  general 
and  l)egan  to  die  away  after  the  man  ceased  work. 

Tlie  infection  of  a  great  river  naturally  stands  on  a  very  different 
footing  from  such  cases  as  have  so  far  l)eeu  mentioned,  in  that  the 
infection  is  likely  to  be  much  less  concentrated,  and  its  incidence  on 
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difiFerent  communities  to  be  modified  in  varying  de^^rees  according  to 
the  treatment  to  which  the  water  is  subjected  iu  the  course  of  its  dis- 
tribution. 

The  possible,  nay  probable,  connection  of  typhoid  fever  in  Lon- 
don with  the  condition  of  the  water  suiii)ly  has  already  been  alluded 
to.  A  far  more  important  example,  however,  of  river-borne  diffusion 
of  infection  is  to  be  found  in  the  history  of  certain  outbreaks,  or 
rather  variations  iu  tlie  prevalence,  of  fever  among  the  inhabitauta  of 
certain  districts  in  the  Tees  Valley  supplied  with  water  from  that 
river.  This  case  also  is  of  interest  as  illustrating  the  method  adopted 
for  demonstrating  the  influence  of  an  infected  water  supply  upon  a 
population  when  the  area  is  so  great,  and  the  uumbei-s  involved  are 
so  large,  that  no  method  but  the  sfcitistical  is  avaihible  for  the  pur- 
pose. The  investigation  was  carefully  made  aud  very  completely 
reported  on  by  Dr.  Barry,  on  behalf  of  the  Local  Government  Board. 
Two  distinct  epidemics  were  dealt  with,  each  of  six  weeks'  duration, 
the  first  from  September  7th  to  October  18th,  18D0,  the  second  from 
December  28tb,  1890,  to  February  7th,  1891.  The  whole  area  dealt 
with  was  one  of  70(),020  acres,  or  1,103  square  miles,  containing  half 
a  million  people  in  ten  registration  districts,  and  comprising  thirty- 
two  sejiarate  sanitary  areas.  In  the  two  epidemics  1,4G3  cases  of 
typhoid  fever  were  heard  of,  and  of  these  1,334,  or  91  per  cent.,  oc- 
curred among  a  population  of  just  over  250,000  persons,  living  in 
three  of  the  ten  registration  districts;  the  rates  of  attack  per  10,000 
being  29  aud  24  respectively  in  the  two  epidemics  within  the  three 
districta  mentioned,  while  in  the  remaining  seven  districts,  having 
a  x>opulation  almost  identical  in  point  of  numbers,  the  attack  rate 
was  but  3.5  aud  1.5  i)er  10,000  iu  tlie  two  epidemics  respectively. 
In  the  matter  of  fever  deaths  also  this  special  area  had  rates  in  the 
one  epidemic  three  times,  and  in  the  other  five  times,  greater  than 
were  current  in  the  other  seven  districts  which  made  up  the  rest  of 
the  area  in  question. 

Taking,  however,  the  sanitary  areas,  which  are  smaller  in  size 
than  the  registration  districts,  it  was  found  that  of  the  whole  thirty- 
two  only  ten  had  excess  of  attack  rate  and  that  of  these  nine  lay- 
within  the  three  registration  districts  already  referred  to  as  having 
an  excessive  amount  of  fever;  so  that  whichever  way  the  matter  was 
looked  at,  whether  by  registration  districts  or  by  sanitary  areas,  cer- 
tain portions  were  separated  from  the  rest  by  the  excessive  incidence 
of  typhoid  fever  upon  them.  Judged  either  by  attack  or  death-rates, 
the  exceptional  incidence  on  this  special  area  was  heaviest  in  the 
second  epidemic,  which  took  place  at  a  season  when  typhoid  fever  is 
not  apt  to  be  prevalent  in  this  country. 

Vnr      Ylir  —91 
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AltliougL  Dr.  Barry  in  his  report  is  able  to  lay  bare  many  glaring 
insanitary  conditions  in  the  district  referred  to,  he  was  not  able  to 
discover  any  community  of  sanitary  cireumstance  running  through 
them  other  than  the  water  supply.  In  this,  however,  he  found  & 
point  in  which  all  the  ten  excessively  invatled  districts  were  alike,  for 
they  all  drank  Tees  water,  distributed  after  a  process  of  sand  filtra- 
tion through  the  works  of  the  Darlington  Corporation  or  the  Stocktou 
and  Middlesbrough  Water  Board.  Among  the  219,435  persons  con- 
saming  Tees  water,  the  attack  rates  were  33  and  28  per  10,000,  in  the 
two  epidemics,  while  among  the  284,181  i)er80U8  who  drank  other 
water,  the  attack  rates  were  but  3  and  1  per  10,000  resjvectively. 
Thus,  ftiiubiuing  the  two  ejiidemics,  the  remarkable  fact  came  oat 
that  the  liability  to  be  attacked  by  typhoid  fever  was  fifteen  times 
greater  among  the  people  who  inhabited  districts  supplied  with  Tees 
water  than  among  those  in  districts  deriving  their  water  supply  from 
other  sources. 

Dr.  Barry's  descrijition  of  the  condition  of  the  river  aljove  where 
water-works  derived  their  supplies  is  sufficient  to  explain  this  exces- 
sive incidence  of  fever  uj>on  the  drinkers  of  the  Tees  water.  We  read 
of  some  twenty  villages  and  hamlets,  and  of  the  town  of  Barnard 
CiisHe,  Lb-aiuiug  to  the  river,  of  washings  of  highly  manured  lands, 
drainage  of  graveyards  and  farmhouses,  of  privies,  urinals,  and 
water-closet.",  along  the  foreshore,  and  of  "loads  of  stinking  refuse" 
deposited  on  the  side  of  tbe  river  aiding  in  its  pollution,  especially 
in  time  of  flood.  Nothing  was  wanted  but  a  flood  to  wash  all  tliese 
accumnlatioua  info  the  river,  and,  as  a  fact,'  shortly  before  each  of 
the  ei>idomics  which  are  dealt  with  a  flood  did  take  place;  one  epi- 
demic being  preceded  by  a  "mucli  flooded"  condition  of  the  river, 
the  other  by  an  "an  eight-foot  flood"  due  to  melting  snow.  In  com- 
menting on  tliis  report  Dr.  Thorne  Thorne  says:  "Seldom  if  ever 
hiis  a  case  of  fouling  of  water  intended  for  human  consumption,  so 
gross  or  .so  pprnistently  maintained,  come  within  the  cognizance  of 
the  niodical  department;  and  seldom,  if  ever,  has  the  proof  of  the 
relation  of  the  use  of  water  so  befouled  to  wholesale  occurrence  of 
eutorif  fever  been  more  olivious  and  patent." 

Wliiit  is  often  called  milk  typhoid  is  generally  only  water-borne 
t^■phoid  finally  distributed  by  means  of  mUk.  Either  in  consequence 
of  tlie  milk-cans  being  wa.shed  in  polluted  water,  or  from  the  direct 
additiiiu  of  such  water  to  the  milk  itself,  the  milk  becomes  the  vehicle 
by  which  the  infection  is  distributed,  and  thus  it  happens  that  the 
"ominent  iieculiarity  of  the  epidemics  depending  on  this  cause  is  to 

found  in  their  location,  wliicli  usually,  at  first,  coincides  with  that 

the  "  beat"  of  one  or  more  milk  dealers.     One  of  the  first  cases  of 
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this  kind  which  was  investigated  by  the  medical  officer  to  the  Local 
Government  Board,  namely,  that  which  took  place  in  Maryleboue  in 
1873,  ia  one  of  the  most  interesting  from  the  completeness  with  which 
the  infection  was  traced  back  to  the  milk,  and  back  from  the  milk  to 
the  use  of  polluted  water  from  a  certain  well,  and  back  from  that  well 
to  the  excreta  of  a  patient  who  waa  suffering  from  typhoid  fever.  In 
all  two  hundred  and  forty-four  persons  were  affected.  All  the  ea.ses 
occurred  in  the  nine  weeks  ending  August  30th,  and  v^ithin  a  cir- 
cumscribed area,  and  nine-tenths  of  the  cases  were  in  households 
consuming  milk  from  a  particular  dairy.  Wherever  this  milk  was 
distributed  there  the  cases  of  typhoid  fever  forming  the  outbreak 
were  also  distributed.  Where  the  milk  stojiped  short,  there,  as  a 
rule,  the  cases  stopped  short  also.  The  disease  picked  out  the 
streets  in  which  the  milk  was  distributnd  and  alwo  the  houses  where 
the  milk  was  taken.  On  one  of  thu  farms,  situatetl  in  Buckiug- 
hamshire,  which  supplied  this  dairy  company,  water  for  dairy  pur- 
poses was  obtained  from  a  well  in  a  yard  adjoining  the  farmhouse. 
Ou  June  8th  the  occupier  of  the  farm  died  suddeuly  of  ambulant 
typhoid  fever.  The  stools  and  chamber  slops  from  this  patient 
were,  as  a  preventive  measure,  buried  in  an  aHli-liPaj],  Init  the  po 
sition  of  the  ash-heap  was  such  that  its  soakiugs  must  Jiave  found 
their  way  iuto  the  well  used  for  dairy  purposes.  A  heavy  rainfall 
on  June  20th  probably  assisted  to  wash  the  infected  soakiugs  more 
copiously  into  the  well,  and  the  water  from  this  well  was  used  cold 
for  the  cleansing  of  dairy  vessels — iised  simply  as  taken  from  the 
well.  In  regard  to  the  jiartial  invasion  of  some  of  the  hiuises 
supplied  from  the  dairy,  it  should  bo  noted  that  while  the  ])articu- 
lar  farm  in  question  supplied  only  about  one-sixth  of  the  milk  dis- 
tributed by  the  dairy  cnmjiany,  it  furnished  all  the  "nursery  milk," 
which  when  not  wanted  for  this  special  imrposo  was  mixed  witli  tlie 
ordinary  milk;  and  as  the  customers  begun  to  leave  town  in  July, 
and  less  and  less  nursery  milk  was  re<inin'd,  a  larger  propm  tiou  nf 
the  irajilicated  supply  got  iuto  use  for  ordinary  purjioses.  Inquiry 
tended  to  show  that  the  ordinary  milk  only  became  infected  to  such 
an  extent  as  "nursery  milk"  might  have  become  mixed  with  it. 

During  July  and  August,  1878,  an  outVueak  of  tyidinid  fever  oc- 
curred in  Bristol,  and  affected  one  hundred  and  thirty-eight  individ- 
uals, of  whom  twelve  died.  The  outbreak  was  Btrictl\-  cuufinod  to 
persons  who  drank  milk  from  one  particular  farm,  these  persons  be- 
ing the  customers  of  several  retailers  all  nf  whom,  without  exception, 
were  supplied  from  this  farm.  Now,  outliis  farm  the  closets  usedb^' 
the  dairy  farmer's  family  discharged  by  a  common  drain  into  a  cess- 
pool, situated  twenty -five  feet  from  the  well.     The  cessiJool  was  over- 
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flowing  ia  all  directions,  and  its  contents  were  traced  distinctly  into 
the  well.  The  well-water  was  the  only  water  for  domestic  nse  on  the 
farm.  In  June  a  young  lady  convalescing  of  tyjihoid  fever  spent  some 
time  at  the  farm  for  change  of  air.  Her  evacuations  (no  doubt  still 
infectious)  passed  into  the  common  privy.  It  is  not  necessary  t<i  ninl- 
tii)ly  these  cases.  A  large  number  of  examples  of  milk  infection  are 
investigated  every  year  by  the  officers  of  the  Local  Government  Board, 
and  their  history,  although  showing  great  variety  in  details,  alwavs 
comes  back  to  the  same  thing — some  insanitary  arrangement,  either 
on  the  farm,  or  in  the  dairy,  or  in  the  shop  of  the  milk  dealer,  going 
on  perhaps  for  a  long  time  without  declaring  itself  or  apparently 
doing  any  harm,  and  then,  on  the  occurrence  of  a  case  of  typhoid 
fever,  by  M-hich  the  i>ollutiou  takes  on  a  8i>eoific  taint,  ending  in  a 
rapid  distribution  of  the  inft?ctiou,  widespread  among  the  customers 
of  the  dairy,  but  more  or  less  strictly  limited  to  them. 

It  is  to  be  noted,  however,  that  so-called  milk  epidemics  are  some- 
times not  quite  so  stricth-  deinarc.nt^d  as  one  might  esjiect  to  be  the 
case;  a  fact  which  is  explained  by  the  habits  of  the  milkmen.  Xo 
one  can  go  through  the  streets  in  the  early  morning  without  observ- 
ing that,  \vhatf>ver  rules  may  be  laid  down  by  the  companies,  there  is 
a  considerable  surreptitious  sale  of  milk  by  the  milkmen  to  persons 
who  could  never  be  tracetl,  and  tliat  not  infrequently  exchanges  of 
milk  take  place.  It  is  easy  then  to  understand  how  it  is  that  milk 
epidemics  occasiouallj'  overlaji  the  "  l>eat"  of  the  milk  dealer  whose 
supply  is  proved  to  have  become  infected. 

Cholera. 

The  proof  tliat  cholera  is  a  water-borne  disease  depends  on  the 
same  Hue  of  argumeut  as  holds  good  in  the  case  of  typhoid  fever, 
but  it  will  be  observed  that  there  is  much  in  its  history  to  indicate 
that  the  dose  of  the  infection  wluch  is  retiuired  to  set  up  cholera  is 
nnu'h  smaller  than  is  necessary  to  give  rise  to  typhoid  fever.  It  will 
als<3  lie  obsened  that  althuugh  there  is  every  reason  to  believe  that 
the  microbe  of  cholera,  like  that  of  typhoid  fever,  is  able  to  live  as  a 
sajtrophyte  outside  the  body,  such  external  growth  occurs  only  'nithin 
mufh  uarroi\er  limits  and  under  a  much  less  wide  range  of  surround- 
iugs  than  is  the  case  in  typhoid  fever,  and  that  among  these  circum- 
stances temperaturo  is  a  matter  of  great  moment,  so  that  while 
typhoid  fever  can  maintain  its  ])oaitiim  as  an  endemic  disease  in  tem- 
perate climates,  cholera,  even  when  so  imi>lanted  in  such  latitudes  aa 
to  becnine  virulently  epidemic,  is  but  an  exotic  and  soon  dies  out. 
^  The  real  home  of  cholera  comprises  in  fact  a  very  limited  portion 
f  the  earth's  surface,  while  in  regard  to  typhoid  fever  it  may  be  said 
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that  wlierever  there  is  dirt,  polluted  water  supply,  and  careleaaness 
in  the  disposiil  of  excretii,  there  it  can  make  itself  a  home,  can  maiu- 
tain  its  existeuce,  aud  can  become  endemic.  In  regard  t<}  both  dis- 
eases alike,  however,  it  will  be  fouud  that  the  infection  always  goes 
iu  at  the  mouth,  aud  that  if  care  be  taken  to  lot  utithiug  entor  tlie 
mouth  but  what  is  clean,  the  charmed  circle  in  which  the  microbe, 
whether  of  cholera  or  typhoid  fever,  passes  from  one  phase  of  its  ex- 
istence to  another,  is  broken,  aud  that  not  only  as  re^jnrds  the  indi- 
vidual, but  equally  as  regards  the  locality,  the  disease  dies  out. 

Asiatic  cholera  is  a  specific,  communicable  disease,  which  is  en- 
demic in  certain  portions  of  India,  and  perhaps  iu  some  other  phices, 
and,  although  usmilly  confined  to  those  parts,  at  times  becomes  dif- 
fused in  the  form  of  widespread  epidemics  throughout  the  rest  of  the 
world.  Its  mortality  is  very  great,  especiall.y  in  the  early  jiart  of 
every  epidemic.  On  the  average  probably  about  fifty  per  cent,  of 
those  who  are  attacked  die,  but  this  figure  by  no  means  expresses  the 
mortality  when  the  disease  first  attacks  a  fresh  jiliu'e,  more  especially 
when  the  circumstjinces  of  the  attack  are  such  that  the  infectious 
material  is  distributed  in  considerable  fjuantity  and  is  swallowed  at 
the  riglit  moment. 

There  is  every  reasfm  to  lielieve  that  cholera  is  duo  to  a  sjiecitic 
organism,  the  comma  bacillus  of  Koch,  or,  iu  more  exact  laugmige, 
the  cholera  vibrio,  and  for  the  purposes  of  this  article  this  micro- 
organism will  l»  accepted  as  the  cause  of  cholera.  It  is  to  bo  noted, 
however,  that  the  dependence  of  cholera  ou  an  oi^auism  of  some  8(  irt, 
an  organism  which  multiplies  witliiu  tho  intoMtines  of  the  patient, 
which  is  discharged  with  his  evacuatiuus,  which  lives  in  warm  daiup 
soil,  in  water,  in  milk,  aud  on  the  damp  surfaces  of  various  kinds  of 
food,  which  forms  a  coiihiijunn  vivum,  aud  which  ultimately,  being 
swallowed,  sets  up  the  disease  again  iu  another  patient,  is  demon- 
strated by  evidence  fpiite  outside  tho  ordinary  i)roofs  of  the  bacteri- 
ologist; and  that  clinical  aud  epidemiological  facts  iu  regard  to 
cholera  showed  its  dependence  on  such  a  coitiaijiitm  viriuii,  a  grow- 
ing, liviug  thing,  long  before  the  bacteriologist  entered  upon  the 
field.  It  must,  however,  be  recognized  what  strong  tcstimnuy  is 
borne  to  tlie  truth  of  the  b.^cillarJ'  hypothesis  by  tho  fact  that  clini- 
cal, epidemiological,  and  bacteriological  researches,  all  alike  lead  to 
the  same  results,  although  taking  such  very  ditlVrent  routes. 

Interesting  then  as  is  tho  fact  of  the  associjition  of  cholera  with 
the  cholera  vibrio,  as  shown  by  Kttch  aud  since  confirmed  by  numer- 
ous observers,  it  is  not  on  that  fact  alone  that  epidemiologists  depend 
when  they  assert  that  cholera  is  a  disease  which  is  carried  by  man 
and  is  spread  by  water. 
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Xevertlaelesi)  the  knowledge  gained  iu  the  bacteriological  labon 
tory  in  regard  to  the  life  history  of  many  microbes,  and  especiall, 
what  has  been  learned  as  to  the  variability  of  their  pathogenic  virn 
lence,  is  of  the  greatest  importance  and  is  of  real  help  in  explaining 
much  that  is  very  dark  in  regard  to  the  epidemiology  of  cholera;  fo 
simple  as  it  may  seem  to  assume  that  a  man  who  swallows  commi 
bacilli  becomes  affected  by  cholera  in  consequence  of  their  multipli 
cation  within  him  and  the  conse^iuent  production  of  those  toxio  sub 
stances  which  give  rise  to  the  symptoms  of  the  disease,  it  is  by  n< 
means  easy  to  explain  why  in  some  years  and  in  some  seasons  ai 
epidemic  should  arise  and  should  spreatl,  while  in  other  years  and  a 
other  seasons,  notwithstanding  the  prevalence  of  the  disease,  it  sbonh 
not  extend  beyond  its  ordinary  habitat  unless  it  be  admitted  tha 
under  certain  circumstances  the  virulence  of  the  organism  is  mucl 
greater  than  under  others.  Wliat  these  circumstances  are,  will  hav( 
to  bo  decided  by  clinical  obser\ation  on  the  large  scale  in  placei 
wlicre  the  disease  is  endemic,  or  iu  the  course  of  actual  epidemics 
rather  than  in  the  bacteriological  laboratory. 

The  facts  worked  out  in  the  laboratory  are,  however,  of  very  con 
siderable  interest,  and  tend  largely  to  explain  many  of  the  curiositiei 
— th(j  dark  patches — in  the  epidemiology  of  cholera. 

Tlio  cholera  vibrio  is  a  non-spore-forming  organism,  and  thus  hai 
n(»  means  ()f  i)r(>tecting  itself  from  deleterious  agencies.  It  can  thei 
only  jMisist  where  tlio  surroundings  are  fitted  for  its  life. 

Tlio  teniix-raturo  most  favorable  for  its  growtlj  is  l>etween  35'  am 
38^  C.  It  will  Krf)w,  liowovor,  although  more  slowly,  at  a  temi^era 
tun'  as  low  as  17^  (■.,  bnt  uudor  1(5"  C.  no  growth  can  be  i)erceived 
It  is  not  (li's< roved,  liow(>ver,  even  by  freezing;  but  at  a  tomi>erjitur< 
of  ().") '  ( ■.  it  is  soon  killed.  Although  when  growing  as  a  panusite  i 
is  probably  an  anai'-roliic  organism,  it  is  strictly  aerobic  in  the  labo 
ratory,  its  (Icvi'lojanont  ceasing  if  its  supfJy  of  oxygen  is  cut  off.  A 
tcmiiorary  oxposuro  to  carlxniio  acid  does  not  kill  it,  but  while  ex 
j>os('d  to  Huch  an  atniosplu-ro  it  ceases  to  grow. 

Ono  of  the  niost  interesting  traits  in  its  cultural  character  is  it 
intolerance  of  acids.  In  neutral  or  slightly  alkaline  media  it  flour 
islies  best,  but  its  development  is  at  onco  arrested  iu  the  presence  o 
free  hydroeliloric  acid. 

A  ])('culiarity  of  its  growth  whicli  may  have  some  relation  to  th( 
natural  history  of  the  disease  is  that  while  its  development  in  a  suit 
able  medium  is  at  fii-st  very  rapid,  this  (piiokly  reaches  its  maximum 
soon  after  which  d(^generatiou  l)egins,  the  bacilli  becoming  altere* 
in  a])pearau(^e  as  w(>ll  as  losing  their  i)owcr  of  rai)id  multiplication. 

As  a  result  it  is  found  that  when  the  cholera  vibrio  is  presen 
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aloug  with  other  bacteria  under  couditiona  favorable  to  growth,  it  at 
first  increaaes  much  more  rapidly  thau  the  rest,  so  that  it  is  easy  for 
a  time  to  imagine  that  one  has  to  do  with  a  pure  culture,  but  after 
two  or  three  days  the  vibrios  die  and  the  other  organinms  take  their 
place. 

The  cholera  vibrio  then  is  a  facultative  parasite,  au  organism 
•which  while  a  parasite  of  man  is  capable  also  of  growing  outside  the 
human  body  amid  couditious  found  in  nature,  and  not  merely  in  the 
artificial  conditions  of  the  laboratory.  It  has  been  isolated  from 
choleraic  dejecta  which  have  been  kept  for  fifteen  days,  according  to 
Gmber;  fifty -two  days,  according  to  Karlinski;  one  hundred  and 
sixty -three  days,  and  even  occasionally  after  eight  months,  according 
to  Dunbar.  In  ordinary  milk  or  on  fmit  or  fish  it  may  survive  for 
several  days,  while  from  files  which  hud  been  fed  on  choleraic  mate- 
rial the  vibrios  could  be  separat-ed  after  fourteen  days.  "  In  water 
they  remain  alive  for  many  days ;  in  sterile  distilled  water  for  seventy- 
three  days  to  a  year;  in  sterile  well-water  for  months,  but  iu  uustori- 
lisied  water  fur  from  four  to  tweuty-five  days;  Orgel  indeed  succeeded 
in  keeping  them  alive  in  ordinary  Elbe  water  for  almost  a  year"  (All- 
butt's  "  System  of  Medicine"). 

It  appears  probable,  however,  that  comparatively  slight  differ- 
ences in  the  chemical  composition  or  in  the  physifal  condition  of  the 
water  have  a  considerable  iufiueuce  on  the  vitiditj'  and  pfiwer  of  multi- 
plication of  the  bacilli,  for  exiierimenta  with  tank  water  in  lucUa  have 
given  very  different  rcHults  on  this  point,  the  organisms  sometimes 
multiplying  rapidly  and  at  other  times  as  rapidly  dying.  According 
to  Koch  the  vibrios  have  retained  their  vitality  in  ordinary  spring 
and  well  water  for  thirty  days,  whereas  iu  water  mixed  with  sewage, 
as  it  existed  in  some  of  the  canals  of  Berlin,  they  died  much  more 
rapidly;  but  it  should  be  stated  that  the  observations  of  different 
observers  on  the  vitality  of  the  cholera  vibrios  vary  so  greatly  that  it 
is  impossible  to  say  more  than  that  there  is  plenty  of  evidence  to 
show  tliat  they  can  retain  their  vitsdity  both  iu  water  and  iu  soil  ciuito 
long  enough  to  account  lor  most  of  the  ordinary  phenomena  con- 
nected with  the  ti'ansmission  of  the  disease  from  man  to  man. 

There  is,  on  the  other  hand,  plenty  of  evidence  that  the  cholera 
vibrio  is  pretty  rapidly  killed  by  drying,  and  that  it  is  extremely  sus- 
oeptible  to  the  effect  of  acids,  which  quickly  inliibit  its  growth  or  acfc- 
Tially  kill  it.  Abbott  says;  "The  spirillum  of  Awiatic  cholera,  while 
poesessing  the  power  of  producing  in  human  beings  one  of  the  most 
rapidly  fatal  forms  of  disease  witli  which  we  are  acquainted,  is  still 
one  of  the  least  resistant  of  the  pathogenic  organisms  known  to  us. 
Under  conditions  moat  favorable  to  its  Krowth  its  development  is  self- 
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limited;  it  is  conspicaonsly  susceptible  to  acids,  alkalies,  other  chem- 
ical disinfectants,  and  heat;  but  when  partly  dried  upon  clothing, 
food,  or  other  objects,  it  may  retain  its  vitality  for  a  relatively  long 
period  of  time,  and  it  is  more  than  probable  that  it  is  in  this  way 
that  the  disease  is  often  carried  from  points  in  which  it  is  epidemic 
or  endemic  into  localities  that  are  free  from  the  disease." 

It  is  by  the  study  of  instances  in  which  cholera  bas  been  intro- 
duced into  localities  which  are  usually  free  from  the  disease,  and  by 
watching  its  behavior  when  so  introduced,  observing  the  conditions 
under  which  it  can  maintain  its  hold  and  comparing  them  with  those 
in  which  outbreaks,  however  virulent,  die  down  and  come  to  nothing, 
that  the  etiology  of  cholera  can  be  best  investigated.  However 
great  the  advantages  offered  by  India,  or  such  parts  of  India  as  form 
the  endemic  home  of  cholera,  for  the  study  of  that  disease,  by  virtue 
of  the  large  number  of  cases  which  come  under  observation,  these 
places  by  no  means  form  the  best  field  for  the  investigation  of  its 
etiology  and  epidemiology.  The  possible  causes  of  any  given  out- 
break are  so  many,  and  the  modes  in  which  the  infection  might  be 
intr(xluced  are  so  numerous,  that  even  an  approximation  towards  cer- 
tainty in  regard  to  origin  is  very  difficult  to  attain. 

Whore,  however,  the  disease  is  an  exotic,  where  the  chances 
against  the  simultaneous  introduction  of  the  disease  by  different 
routoH  are  almost  infinitely  great,  and  where  the  outbreak  affects  so 
Hinall  a  number  of  peraons  tliat  the  history  of  each  case  can  be  indi- 
vidually inquired  into,  far  greater  opportunities  are  offered  for  ascer- 
tjiining  the  manner  in  which  the  infection  has  been  introduced,  tracing 
the  i)rogress  of  the  epidemic,  and  ob8er>ing  the  mode  in  which  the 
infective  material  has  been  caiTied  from  case  to  case.  This  no  doubt 
is  the  reasou  why  the  few  European  ei)idemics  have  seemed  so  much 
more  fruitful  of  kuowledf^e  tlian  the  almost  constant  opportunities  for 
investigation  ofl'ered  in  the  endemic  home  of  cholera  in  India.  In 
any  case  the  fact  remains  that  notwithstanding  all  the  work  which 
had  been  bestowed  upon  the  study  of  the  disease,  and  all  the  guesses 
at  trutli  which  had  been  indulged  in  in  regard  to  its  origin  and  mode 
of  spread,  in  the  wide  fi<>ld  offered  by  ludia,  it  is  to  the  study  by  Dr. 
Snow  of  a  small  outbreak  of  cholera  among  a  limited  number  of  peo- 
ple in  London,  to  his  careful  tracing  out  of  the  history  of  each  person 
involved,  and  to  his  acumen  in  recof^uizing  that,  whatever  else  they 
had  done,  each  sufferer  liad  i)art}iken  of  tlie  water  drawn  from  a  cer- 
tain pumj),  that  we  owe  the  demoastration  of  the  fact  that  cholera  is 
a  water-l)orne  disease. 

TIio  history  of  tlie  earlier  epidemics  of  cholera  in  England,  cul- 
minating in  the  proof  of  the  association  of  the  disease  with  the  drink- 
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ing  of  specifically  infected  water  afforded  by  the  case  of  the  Broad 
Street  pump,  is  worth  recording.  The  followiiif;  accouut  is  nbsti-acted 
from  an  address  on  "  Water-borne  Cholera"  bj'  Ernest  Hart : 

"  Cholera  first  appeared  in  England  in  October,  1831,  and  be- 
tween that  time  and  the  summer  of  1833  it  ruthlessly  ravaged  various 
parts  of  the  kingdom.  No  accurate  history  of  the  epidemic  exists, 
and  there  are  no  reliable  statistics  respecting  it,  as  the  present  sys- 
tem of  registering  the  causes  of  death  had  not  then  been  estaljlished. 
But  in  jilaces  in  Great  Britain  having  an  aggregate  population  of  less 
than  5,250,000,  the  deaths  of  31,376  pei-sons,  and  in  Ireland  of  21,171 
persons,  were  reported  through  various  channels  to  the  Board  of 
Health.  In  London  alone,  wliich  then  contained  a  population  of  lit- 
tle more  than  1,500,000,  there  were  13,144  cholera  attacks,  and  6,720 
deaths  during  eighteen  months;  tliat  is  to  say,  1  person  out  of  every 
117  was  attacked  by  the  disease,  while  1  in  ever}-  250  died.  The 
epidemic  filled  the  people  with  consternation,  and  took  the  medical 
Iirofession  by  surprise.  Its  characteriHtics  were  unfamiliar  and  un- 
accountable, and  its  extension  was  so  sudden  and  mysterious  that  it 
was  popuhirly  looked  upon  as  a  visitation  of  Providence  beyond 
human  control.  A  consultative  Board  of  Health  was  estalilialied,  and 
the  Privy  Council  circulated  rules  and  regulations,  which,  though  fur 
from  complete,  contained  much  sound  advice.  It  was  pointed  out 
that  the  disease  had  special  affinity  for  the  poor,  ill-feil,  unhealthy 
parts  of  the  population,  ea]jecially  those  persons  of  drunken,  irregu- 
lar life,  and  those  districts  wliich  were  unclean,  ill-ventilated,  and 
crowded.  General  cleanliness  was  enjoined,  the  provision  of  special 
hospitals  was  adWsed,  and  strict  quarantine  was  sought  to  be  en- 
forced. But  the  most  active  medium  of  its  epidemic  estension — 
namely,  water — seems  to  have  received  little  thought.  The  ejudemic 
of  1832,  however,  set  men  thinking,  and  like  every  succeediug  ejii- 
demic  gave  a  great  impetus  to  sanitary  refoi'm.  Before  the  next  great 
invasion  of  this  countrj-  by  cholera  in  1848,  a  growing  tendency  to- 
wards improvement  in  sanitation  was  distinctly  noticeable. 

"  In  September,  1848,  cases  of  cholera  occurred  in  Hull,  and  were 
soon  followed  by  outbreaks  at  Edinburgh,  Leith,  Sunderland,  and 
elsewhere.  It  rapidly  overraU  the  whole  country,  and  before  it  had 
disappeared  in  epidemic  form  towards  the  close  of  1840,  53,203  of 
the  English  people  had  died  from  it,  and  18,887  had  died  from  diar- 
rhoea, out  of  a  population  of  some  17,564,r>56  living  in  a  great  variety 
of  circumstances.  It  was  in  August,  1849,  while  this  ejiidemic  was 
mnning  its  course,  that  Snow  cast  a  strong  light  on  the  spread  of 
cholera  by  propounding  his  theory  that  a  most  important  way  in 
which  the  disease  may  be  widely  disseminated  is  '  by  the  emptying 
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of  sewers  into  the  drinkiug-water  of  the  community.'  As  far  as  his 
inquiries  had  extended  he  had  found  that  in  most  towns  in  which  the 
malady  had  prevailed  to  an  unusual  extent  this  means  of  its  communi- 
cation had  existed.  He  pointed  out,  for  instance,  that  the  joint  town 
of  Dumfries  and  Maxwelltown,  not  usually  an  unhealthy  place,  Lad 
been  visited  by  cholera  both  in  1832  and  at  the  close  of  1848  with 
extreme  severity.  On  the  latter  oct-jjaion  the  deaths  were  317  in 
Dumfries  and  114  in  Maxwelltown,  being  431  in  a  population  of 
14,000.  The  iuhabitauta  drank  the  water  of  the  Nith,  a  river  into 
whi(jh  the  sewers  emptied  themselves,  the  contents  floating  afterwards 
to  and  fro  with  the  tide.  Glasgow,  which  had  been  visited  severely 
with  the  malady,  was  supplied  with  water  from  the  Clyde,  by  means 
of  an  establishment  situated  a  little  way  from  the  town,  higher  np 
the  stream,  and  the  water  was  professedly  filtered;  but,  as  the  Clyde 
is  a  tidal  river  in  that  part  of  its  course,  the  contents  of  the  sewere 
would  be  washed  up  the  stream,  and  the  supply  of  water  could  not  be 
altogether  free  from  contamination.  Again,  he  pointed  out  that  in 
1H32  the  cholera  was  much  more  prevalent  in  the  south  and  east  dis- 
tiicts  of  Loudon,  which  were  au[)plied  with  water  from  the  Thames 
and  the  Lee  where  those  rivers  were  much  contaminated  by  the  sew- 
ers, than  in  the  otiier  parts  of  the  metropolis  differently  supphed. 
And  this  he  observed  wtis  precisely  what  again  occuned  in  1849.  It 
may  here  be  mentioned  that  in  1849,  and  for  a  few  years  later,  none 
of  the  London  water  comjianies  obtained  their  water  higher  up  the 
Thames  than  Vanxhall  Bridge,  above  which  point  the  river  received 
an  ever-iucreasiTig  amount  of  sewage. 

"But  ai)art  from  the  water  companies,  there  were  a  great  many 
pumps  supplied  by  w^ells  in  use  in  the  metroiinlis.  On  investigating 
a  rtiuldea  and  severe  outbreak  of  cholera  in  Surrey  Buiklings,  Hors- 
leydowu.  Dr.  Snow  found  that  a  certjiin  well  in  use  by  the  patients 
had  been  exposed  to  direct  pollution  by  the  dejections  of  earlier  pa- 
tiMits.  A  very  similar  state  of  affairs  was  found  at  Albion  Terrace, 
Waudsvvnrth  Road,  where  a  number  of  cholera  cases  occurred  almost 
simultaneously.  Li  that  instfiuce  there  were  no  data  for  showing 
how  the  disease  was  probably  communicated  to  the  first  patients, 
but  it  was  two  or  three  days  afterwards,  when  the  evacuations  from 
these  patients  must  have  entered  the  drains  having  a  communication 
with  the  wiiifv  supjtlicd  to  all  the  houses,  that  other  persons  were 
attacked,  and  in  two  days  more  the  disease  prevailed  to  an  alarming 
extent.  *  This  explanation  of  the  outbreak  was  disputed  at  the  time, 
but  Dr.  Suow  pointed  out  that  '  the  only  special  and  peculiar  cause 
connected  witli  the  great  calamity  -which  befell  the  inhabitants  of 
these  houses  was  the  state  of  the  water,  which  was  followed  by  the 
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cliolera  in  almost  every  house  to  which  it  extended,  while  all  the  sur- 
rounding houses  were  quite  free  from  the  disease.* 

"  His  theory  of  the  whole  epidemic  of  1848-49  was  that  the  cholera 
matter  was  brought  to  London  by  patients  from  Hamburg,  that  it 
was  multiplied  by  infected  persons,  that  the  infectious  sewage  matter 
found  its  way  partly  through  soil  into  the  wells,  and  partly  through 
sewers  into  the  Thames  and  Lee,  from  which  a  portion  of  the  water 
supply  of  London  was  derived.  This  theory  was  adversely  criticised 
in  a  report  by  Drs.  Baly  and  Gull  to  the  London  College  of  Phy- 
sicians in  1850.  Dr.  Snow  had  not  long  to  wait  for  an  opportunity  of 
putting  his  theory  to  the  test.  In  the  early  part  of  the  summer  of 
1854  cholera  had  obtained  a  foothold  in  London.  One  special  out- 
break which  occurred  in  the  parish  of  St.  James',  Westminster, 
during  that  epidemic  is  almost  of  historic  importance,  as  it  was  the 
first  instance  in  which  the  agency  of  water  as  a  disseminator  of  chol- 
era was  clearly  demonstrated.  The  first  death  in  the  parish  was 
recorded  early  in  August,  and  throughout  that  month  a  few  deaths 
were  recorded  each  week.  But  during  the  week  ending  September 
2d,  78  deaths  were  registered ;  in  the  next  week  there  were  287  deaths, 
in  the  following  week  there  were  67,  and  then  the  mortality  as  quickly 
subsided  as  it  had  risen.  But  before  it  had  disappeared  at  the  be- 
ginning of  Novemlier,  some  700  fatal  attacks  had  occurred  in  this 
single  parish;  that  is  to  say,  22  out  of  every  1,000  persons  living  in 
the  parish  had  died  of  the  disease  within  three  months.  In  the  ex- 
citement of  the  moment  various  causes  were  assigned  for  this  myste- 
rious and  sudden  outburst.  Some  accused  the  ancient  pest  field  in  the 
parish,  where  during  the  great  plague  the  dead  had  been  buried  by 
the  hundred,  of  casting  forth  the  disease  germs  buried  there  nearly 
two  hundred  years  previously.  Others  laid  the  blame  on  the  tin- 
flushed  and  defectively  ventilated  sewers ;  while  others,  again,  found 
sufficient  cause  in  the  extreme  heat  of  the  weather.  But  no  satisfac- 
tory solution  of  the  mystery  presented  itself  until  Dr.  Snow  was 
called  in  to  examine  the  water  supplies. 

"On  studying  the  record  of  the  deaths.  Dr.  Snow  found  that 
nearly  all  of  those  registered  in  the  first  week  of  the  outbreak  had 
taken  place  within  a  short  distance  of  the  parish  pump  in  Broad 
Street;  and  that  of  73  deaths  in  the  locality  around  this  pump,  61 
were  found  to  have  been  of  persons  who  used  to  drink  the  water  from 
that  particular  pump.  Pursuing  his  inquiries,  he  found  that  in  a 
factory  in  the  neighborhood,  where  the  water  was  always  used,  18 
out  of  the  200  workpeople  died.  On  the  other  hand,  in  an  adjoining 
brewery  in  Broad  Street,  where  water  from  that  pump  was  never 
used,  not  one  of  the  70  workmen  employed  suffered  from  the  disonse. 
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In  another  case  a  gentleman  came  from  Brif^liton  to  see  Lis  broilier, 
who  was  attacked  by  cholera  iu  a  house  near  the  pump.     On  his  ar- 
rival he  found  his  brother  dead,  but  he  did  not  see  the  body.    He 
remained  only  twenty  minntes  in  the  house,  and  after  partaking  of  s 
ha.sty  lunch,  including  some  brandy  and  water  (the  water  being  from 
the  Broad  Street  pump)  he  proceeded  to  Pentonville,  where  he  was 
attacked  by  cholera  during  tlie  following  day  and  was  dead  witLis 
twenty-four  hours.     In  yet  another  case,  a  huly  living  at  Hampetetd 
was  in  the  habit  of  having  brought  to  her  daily  a  large  bottle  of  water 
from  the  Broad  Street  pump,  as  she  had  a  preference  for  it,  the  water 
being  both  cool  and  sparkling  as  sewage-xxilluted  water  oft«n  is.    Tie 
water  was  token  to  her  as  usual  on  August  31st,  she  drank  of  it,  was 
seized  with  cholera  on  the  next  day,  and  died  within  twenty-four 
houre.     A  niece  who  was  on  a  vi.sit  to  this  latly  also  drank  of  the 
water,  returned  to  her  residence  in  a  high  healthy  part  of  IsUngton, 
was  attac-ked  with  cholera,  and  ilied  also.     In  all  these  cases  the 
water  was  used  cold  and  unboiled.     Many  dismal  incidents  such  as 
these  were  discovered  both  by  Dr.  Snow  and  by  the  Rev.  Mr.  White- 
head, who  conducted  an  independent  investigation  and  showed  tbe 
complicity  of  this  well  water  with  the  outbreak.     On  following  up 
the  clew  it  was  found  that  the  pump  immetliately  adjoined  the  house, 
No.  40  Broad  Street;  and  on  the  drains  of  that  house  being  opened  a 
filthy  condition  of  things  was  disclosed.     There  was  a  cesspool  under 
a  common  privy,  witliin  three  feet  of  the  well  and  at  a  higher  level 
tlian  that  of  the  water  in  the  well.     The  walls  of  the  cesspool  were 
rottf  u,  ami  the  contents  could  leak  into  the  sun-ounding  soil.    The 
Willis  of  the  well  were  also  found  to  be  rotten,  and  there  was  distinct 
e^-idence  of  the  cesspool  contents  having  for  a  long  time  leaked  into 
tlip  wfll.     Further  investigation  also  disclosed  the  fact  that  on  August 
ti^th  a  cliild,  a^'ed  five  months,  living  in  this  house,  was  attacked  with 
what  was  registered  as  diarrhoea,  and  died  on  September  2d.    The 
symptoms  of  this  child's  illness,  however,  were  distinctly  choleraic. 

"Til is  gluistly  ex|)eriu)eut  fortunately  bore  good  fruit.  The  more 
practical  of  our  sauitariaua  realized  its  l)earing8,  and  the  purity  and 
inntectiou  of  onr  water  supplies  received  more  attention.  The  first 
step  was  the  almlitioii  in  the  metropolis  of  such  dangerous  shallow 
wells  as  that  iu  Broad  Street;  wells  which,  in  the  words  of  Sir  John 
Simon,  coutaiued  evidence  that  '  they  represented  the  drainage  of  a 
great  mauure  ImhI,'  " 

The  distribution  of  the  cholera  poison  by  means  of  well-water, 
compariitively  small  in  quantity  and  infecteil  as  directly  as  was  the 
case  in  the  inntjiuce  just  recorded,  must  not  be  taken  as  indicating  the 
limits  of  capacity  for  evil  possessed  by  water  as  a  carrier  of  the  dis- 
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ease  in  qnestion.  It  lias  already  been  mentioned  that  there  is  reason 
for  believing  that  a  much  smaller  dose  of  the  vibrios  of  cholera  may 
be  capable  of  indueiDg  the  disease  than  is  the  case  in  regard  to  the 
bacilli  of  typhoid  fever.  This  may  possibly  have  to  do  with  the 
extraordinary  power  of  rapid  self-multiiilicatiou  displayed  by  the 
cholera  vibrio  duriug  the  first  few  days  after  its  inoculation  into  a 
medium  fitted  for  its  growth.  At  any  rate  in  some  of  the  water  ejii- 
demics  which  have  been  recorded  the  actual  amount  of  infective 
material  intrmluced  into  the  water  supply  must  have  lieen  very  small 
indeed.  Of  this  the  outbreak  of  cholera  iu  the  east  of  London  in 
1866  may  l)e  taken  as  an  examjile.     Ernest  Hart  says: 

"  The  disease  appeared  iu  L<3udtjn  in  the  last  week  of  June,  when 
6  deaths  were  registered.  Duriug  the  succeeding  weeks  there  were 
14,  32,  340,  904,  1,053,  781,  455,  265  deaths,  and  then  the  mortality 
gradually  declined,  but  before  the  first  week  of  Deceinbor  5,915  deaths 
had  been  registered.  Of  these,  4,270  occurred  in  the  east  diHtricts  of 
the  metropolis  and  adjacent  suburban  districts  of  West  Ham  and 
Stratford.  It  was  in  these  di.stricts  that  the  rajiid  and  unexami)led 
development  of  the  outbreak  occurred. 

"Early  in  the  outbreak  I  was  struck  by  its  incidence  on  the  area 
supplied  with  water  by  the  East  Loudon  W  ater  Company,  and  I  felt 
confident  it  could  ouly  be  due  to  a  sudden  specific  pollution  of  the 
wat^r  supply.  Acting  on  behalf  of  a  great  meilical  journal  I  dis- 
patcLed  the  late  Mr.  J.  Netten  Radclifi'e  (wbo  hatl  not  then  become 
attached  to  the  medical  department  of  the  Privy  Coimcil)  to  investi- 
gate the  matter.  At  fii-st,  of  course,  he  was  mot  with  a  blank  denial 
on  the  part  of  the  water  compauy  that  anything  had  occurred  in  con- 
nection with  their  water  supply  which  could  exi)lain  the  disfriluition 
of  cholera;  a  refusal  to  accept  any  such  denial,  and  a  ]iatient  investi- 
gation, in  which  the  officials  gave  all  necessary  aid,  though  under 
protest,  at  last  made  it  j)lain  that  owing  to  chiinges  having  been  made 
in  their  filtering  apparatus  the  company  had  sent  out  for  a  few  days 
nnfiltered  water,  or  water  in  a  very  partially  filtered  state,  direct  from 
the  river  Lee.  Sulisequent  inquiry  proveil  that  just  at  that  moment 
the  waters  of  the  Lee  had  l>een  infected  with  choleraic  discharges 
from  a  cottage  whose  sewers  were  connected  with  the  river,  and  in 
which  a  family  had  come  to  reside  wbo  had  reached  Southampton 
infected  with  cholera,  and  were  allowed  to  ])ass  on  after  they  were 
supposed  to  have  recovered." 

As  an  illustration  of  the  spread  of  cholera  by  means  of  water 
drawn  from  a  river  of  much  larger  size  and  presumably  containing 
the  poison  in  an  even  more  dilute  form,  the  instance  of  Hamburg  may 
be  cited. 
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Cbolem  broke  oat  in  Hambnrg  about  August  IGth,  1892,  and  soon 
I  widelr  diffused  in  the  city  and  p<:irt,  1G,956  attacks  and  8,605 
iVariin  ooraniog  betve«ii  Aogost  16th  and  the  midiUe  o{  November. 
This  vas  the  most  severe  epidemic  from  which  Hamburg  had  suf- 
feied,  AlAongh  cholera  had  prevailed  in  that  city  on  sixteen  occik- 
stooB.  ^e  infection  was  widely  distributed  by  means  of  the  sewage- 
poUated  water  which  was  at  that  time  delivered  to  the  population 
from  the  Ri^ier  Elbe,  Indeed  the  exi)erience  afforded  by  Hamburg 
in  respect  of  water  serving  as  the  medium  for  the  diffusion  of  cholera 
in  epidemic  form  has  become  historic  by  reason  of  the  researches  of 
Profeissor  Koch  and  others,  which  went  to  show  that,  whereas  Ham- 
burg, drinking  unliltered  Elbe  water,  drawn  from  a  point  alx)VG  the 
sewer  outfalls,  bat  still  liable  to  occasional  sewage  pollution  by  reason 
of  tidal  action,  suffered  from  epidemic  cholera  on  a  scale  of  excep- 
tional magnitude,  the  adjacent  town  of  Altons,  practically  forming 
with  Hambui^  one  continuous  community,  but  drinking  filtered 
water,  suffered  only  in  a  very  minor  degree,  although  its  water  was 
diswn  from  the  same  river,  and  at  a  point  below  that  at  which  it  was 
befouled  by  the  sewage  of  well-nigh  eight  hundred  thousand  people 
resident  in  Hamburg  and  Altona. 

According  to  Professor  Eoch,  the  remarkable  immunity  of  Altona 
was  due  to  the  fact  that  the  Altona  water,  which  was  filtered  through 
sand  and  gravel,  was  so  far  freed  from  the  micro-organisms  suspended 
in  it  by  means  of  the  slimy  layer  of  mud,  etc.,  which  formed  on  the 
surface  of  the  filtering  area,  as  to  reduce  the  risk  of  mischief  to  a 
minimum. 

In  regard  to  this  epidemic  Professor  Koch,  in  a  pajjer  on  "  Was- 
sprfiltration  uml  Cholera,"  says:  "Most  surprising  were  the  con- 
ilitious  of  the  cholera  ejiidemie  along  the  bountiary  between  Hamburg 
and  Altouji.  On  both  sides  of  the  bounihiry  the  conditions  of  soil, 
buildings,  sewerage,  population,  everything,  in  short,  of  importance  in 
this  respect  were  the  same,  and  yet  the  cholera  went  right  up  to  the 
iKHindiiry  of  Alt'ina  nud  there  stoppeil.  In  one  street,  which  for  a 
loug  way  forms  tin*  boundary,  there  wixs  cholera  ou  the  Hamburg  side 
w]j<>reas  tlie  .\ltoiiii  side  was  free  from  it.  Indeed  in  the  case  of  a 
gTonj)  of  houses  nu  the  so-called  Hamburger  Platz  the  cholera 
marked  out  the  bomidary  better  than  any  one  having  the  map  of  the 
frontier  bi-tween  Hamburg  and  Alt<jna  before  him  could  have  done. 
Tlie  flinlfra  marked  not  only  the  political  boundary  but  even  the 
bc)i)iiilar\-  of  the  water  supply  between  the  two  towns.  The  grouj)  of 
houses  referred  to,  which  is  thickly  populated  by  families  of  the 
working  classes,  belongs  to  Hamburg,  but  is  supplied  with  water 
from  Altona;  and  it  reinaiued  completely  free  from  cholera,  whereas 
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all  around,  on  the  Hamburg  territorj-,  there  were  numerous  cases  of 
disea^ie  and  death.  Here  we  have  to  do  with  a  kind  of  experiment 
which  was  perfonued  on  a  population  of  over  one  hundred  thoasaud, 
but  which,  iu  spite  of  its  immense  proportions,  complied  with  all  the 
conditions  which  one  requires  from  an  exact  and  perfect  experiment 
in  a  laborftt<^)rj-.  In  two  groat  populations  nearly  all  the  factors  are 
the  same — one  only  ia  different,  and  that  the  water  supply.  The 
population  supplied  with  unfilteretl  water  from  the  Elbe  ia  seriously 
visited  by  cholera;  the  popuhitioa  supplied  with  filtered  water  is 
only  visited  by  the  disease  to  a  very  small  extent. " 

As  an  illustration  of  manner  in  which  peculiarities  in  the  area  of 
distribution  of  cholera,  among  tlie  iuliabitants  of  a  city,  depend 
upon  pecuUaritiea  in  the  arrangements  iu  regard  t(j  water  supply,  the 
ca.se  of  Naples  may  be  cited.  Dunng  the  prevalence  of  cholera  in 
that  city  in  1884,  and  indeed  in  nearly  all  precediug  epidemics,  con- 
trary to  the  customary  rule  in  cholera  epidemics  in  moat  parts  of  the 
world,  persons  dwelling  in  the  upper  stories  of  the  houses  suffered 
the  most  severely  from  the  disease. 

The  rea-son  of  this  is  pointed  out  b^'  Dr.  Shakespeare  iu  his  work 
on  cholera.  He  points  out  that  the  houses  of  the  poor  quartore  are 
many  stories  in  height,  and  are  tenaut<>il  by  faniilicH  who  live  iu  flat.s. 
The  upper  flats  are  constnicted  upon  the  same  plan  as  the  hjwer  ones, 
the  kitchens  of  all  being  directly  over  each  other.  Tlio  water-closets, 
when  they  exist,  usually  occupy  one  corner  of  the  kitclieu,  and  con- 
nect bj'  untrapped  pipes  ivitli  tlie  main  per]ieudicuhir  drain,  which 
leads  to  a  pozzo  iiero,  or  sort  of  fiUh  recp]ihic-le,  in  the  basemeut  of 
the  house.  It  is  usually  only  tlio  nverttuw  of  the  tluid  contents  of 
the  pozzo  jiero  which  eaters  the  main  house  drain  and  jiasaes  to  the 
street  sewer.  Tlie  walls  of  the  pozzi  neri  are  usually  very  imperfectly, 
or  not  at  all  cemented,  the  floor  of  the  sink  Ix'iiig  formed  by  the 
porous  earth.  The  solid  accumulations  in  the  i>ozzi  tieri  are  not 
often  removed  more  than  once  a  year.  In  most  of  the  large  houses 
there  wa.s,  at  least  until  1885,  as  already  stated,  a  very  peculiar  indi- 
vidual ])rovisiou  for  water.  Running  water  flows  in  niiisonrs'  trenches 
from  house  to  house,  ordinarily  a  little  underground.  In  the  course 
of  the  trench,  as  it  passes  lieueath  the  house,  tlicre  is  a  cistern  sunk 
beneath  the  bottom  of  the  trench,  in  firdcr  to  form  a  species  of  water 
reBer\-oir  for  household  purposes.  This  reseiToir  is  usually  located 
iu  the  part  of  the  building  immediately  imder  the  kitchens  of  the 
various  floora,  and  is  iu  commuuication  with  them  by  means  of  a 
bucket  attached  to  a  rope  which  runs  over  a  pulley  at  the  top  of  the 
house,  so  that  the  occupants  of  the  various  stories  can  ilraw  the  water 
without  the  necessity  of  descending  to  the  ground  floor.     The  loca- 
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tion  of  these  reservoirs  is  therefore  frequently  in  close  proximity  to 
that  of  the  pozzi  neri,  and,  from  what  has  already  been  said  of  the 
construction  of  these  pozsi  7jeri,  it  is  easily  understood  how  filtration 
from  them  must  unavoidably  reach  and  contaminate  the  water  of  the 
reservoirs.  And  the  fact  that  the  water  trench  passes  from  house  to 
house  and  directly  communicates  with  the  reservoirs,  explains  how, 
in  houses  where  the  pozzo  nero  and  the  reservoir  are  quite  distinct, 
the  water  drawn  from  tlie  reservoir  is  often  necessarily  contaminated 
by  the  pozzt  iieri  of  houses  up  stream. 

Besides  this  household  provision  of  water,  there  is  also  a  public 
supply  by  means  of  a  comf)aratively  limited  number  of  public  fonn- 
tains  in  the  streets  and  public  squares.  The  majority  of  the  inhabi- 
tants rect^uize  the  fact  that  the  water  of  the  public  fountains  is  of  a 
lietter  quality  for  drinking  purposes  than  that  drawn  from  the  reser- 
voir within  the  houses,  and  those  lining  on  the  ground  floors  and  not 
too  far  distant  from  tlie  neareiit  public  fountain  habitually  resort  to 
the  fouutivin  for  their  drinking-water,  using,  however,  the  reservoir 
water  for  other  domestic  purposes.  Dr.  Shakespeare  notes  in  con- 
nection with  this  practice  the  curious  fact  tbat  during  the  prevalence 
of  cholera  in  Naples  in  1S84,  and,  indeed,  in  nearly  all  of  the  preced- 
ing epidemics,  persons  dwelling  in  tho  upper  stories  suflfered  the 
most  severely  from  the  disease.  The  explanation  of  this  fact  is  j>a- 
tout.  The  ease  with  which  those  i>eople  could  obtain  water  from  the 
reservoir,  and  the  inconvenience  of  resorting  to  public  fountains, 
caused  them  to  use  water  which  was  by  far  the  most  likely  to  be  con- 
tamiuntt'd  by  cholera  discharges. 

In  addition  to  the  contamination  of  the  reservoir  water  by  cholera 
ilischarges  which  might  roach  the  pozzo  jio-o,  in  not  a  few  instances 
the  reservoir  water  wjw  further  contaminated  by  the  reckless  practice 
of  wiisliing  linen  soiled  with  choleraic  discharges  in  the  trenches  of 
niniiiug  water  beneath  tho  houses. 

It  is  dirtieiilt  to  realize  the  fact  that  such  a  system  as  this — a  sys- 
tem which  could  scarcely  be  better  designed  for  the  most  effectaal 
ilistribntion  of  disease — was  to  be  found,  towards  the  close  of  the 
nineteenth  century,  in  such  a  popidous  and  important  city  as  Naples. 
Fortniiati'ly  the  danger  was  at  bust  recognized  in  1884,  and  in  the  fol- 
lowing year  i>nre  water  was  brought  into  the  city  from  a  mountain 
stream — the  Seriuo,  eighty  miles  distant — and  was  very  generally 
distributed  through  iron  pipes  under  pressure.  At  the  same  time 
the  old  system  of  distribution  by  water  trenches  coursing  beneath  the 
dwellings  was.  to  a  great  extent,  done  away  with.  Neither  in  1885 
nor  in  188fi,  notwithstanding  the  existence  of  cholera  in  the  vicinity 
and  the  not  infrequent  arrival  of  refugees  from  cholera-stricken  local- 
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ities,  did  Naples  suffer  from  even  limited  epidemic  outbreaks  of  the 
disease.  Tbia  was  true  also  of  the  year  1887,  until,  in  consequence 
of  a  break  in  the  new  water  conduit  from  the  distant  mountain  stream, 
recourse  for  a  few  days  was  had  very  generally  to  the  old  water  sys- 
tem. At  this  time  there  were  numerous  refugees  in  the  city,  as,  in 
fact,  there  had  been  for  weeks  past,  from  various  places  in  Southern 
Italy  and  Sicily,  including  several  suburban  towns  where  cholera  was 
more  or  less  prevalent.  Moreover,  there  were,  and  had  been,  almost 
constantly  occurring  a  few  isolated  cases  of  the  disease  among  these 
refugees,  without,  however,  a  local  epidemic  being  produced  thereby. 
But  very  soon  after  the  interruption  of  the  supply  of  the  Serino  water 
there  were  one  or  two  quite  sharp  explosions  of  local  epidemics 
around  some  of  these  cases.  The  speedy  repair  of  the  Seriuo  aque- 
duct enabled  the  municipal  authorities  again  to  turn  on  that  pure 
water  throughout  the  city,  and,  practically  coincident  with  that 
action,  the  local  epidemics,  which  had  occasioned  so  much  alarm, 
ceased  almost  as  suddenly  as  they  had  begun. 

It  is  interesting  in  this  connection  to  note  that  there  has  been  a 
very  marked  decrease  in  the  x'^evaleuce  of  enteric  and  typhus  fevers 
since  the  introduction  of  the  new  water  8er\'ice  )ut<i  Naples. 

An  epidemic  which  broke  out  at  Genoa  in  1884  ia  of  interest  as 
showing  not  only  that  pollution  of  a  water  supply  may  cause  a  sudden 
outbreak  of  cholera,  but  that  cutting  off  the  polluted  supply  may  be 
followed  by  a  rapid  cessation  of  the  epidemic.  The  following  account 
ia  condensed  from  the  address  on  water-borne  cholera  by  Ernest  Hai-t, 
already  quoted : 

"  The  disease  reached  the  city  of  Genoa  in  September,  1884,  and 
the  severe  epidemic  which  immediately  ensued  is  one  of  tlie  most  in- 
teresting and  conclusive  examples  recorded  of  the  spread  of  cholera 
by  water — by  water,  moreover,  which  was  of  exceptional  natural 
purity  until  the  mnmont  it  received  the  specific  infection. 

"  A  few  sporadic  cases  of  cholera  occurred  in  Genoa  during  the 
first  fortnight  of  September;  but  immediately  following  the  2l8t  of 
that  mouth  the  disease  suddenly  and  rapidly  spread.  In  every  part 
of  the  city  there  were  attacks,  without  distinction  of  the  density  of 
the  population,  or  of  social  status,  or  of  hygienic  conditions  or  pre- 
cautions. The  dissemination  was  so  general  that  the  first  three  hun- 
dred cases  were  found  to  be  scattered  along  one  hundred  and  fifty- 
eight  different  streets  of  the  city. 

"  Early  in  the  epidemic  a  resident  physician,  an  old  friend  of  mine, 
telegraphed  to  me  from  Genoa:  'Your  water  theory  of  cholera  at 
fault.  Genoa  has  a  fine  supply  of  pure  water  from  a  high  mountain 
source.     Cholera  has  broken  out  in  districts  so  supplied,  and  we 
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hare  already  one  haudred  cases  a  day.  What  is  to  be  done? '  I 
replied  by  telegraph: — 'Caniiot  be  at  fault;  must  be  water;  caimot 
be  anythiiig  else.  £lsamine  every  foot  of  your  water-pipes,  and  trace 
to  tbe  sapidy  pipes'  source.'  Genoa,  it  may  be  remarked,  is  sup- 
plied by  three  aqaedncta — the  Cine  and  the  Galliera,  about  fifteen 
miles  long,  fed  by  the  River  Gorgento,  and  the  Nicolay,  about  thir- 
teen miles  in  length  and  supplied  by  the  River  Scrivia.  An  analysis 
of  the  first  50  cases  of  cholera  in  the  city  disclosed  the  fact  that  as 
Bumy  as  44  were  in  houses  supplied  with  Nicolay  water;  of  the  50 
SQCoeediog  cases,  43  dwelt  in  houses  supplied  with  Nicolay  water; 
and  of  the  third  group  of  50  cases,  45  were  in  houses  so  supplied. 
In  fact,  out  of  the  first  300  cases,  as  many  as  93  per  cent,  inhabited 
houses  in  which  the  Nicolay  water  was  distributed.  Further,  al- 
though the  poorhonse  of  tbe  town  is  in  a  very  crowded  centre,  no  case 
of  cholera  occurred  in  it,  as  the  authorities  of  that  institution  cut  off 
the  Nicolay  supply.  Again,  taking  the  Via  Bianchetti,  cases  of 
cholera  occurred  on  the  side  which  was  served  with  Nicolay  water, 
while  there  was  not  a  case  on  the  other  side,  which  had  water  from  a 
different  source. 

*  Thus  the  Nicolay  water  stood  convicted,  and  on  further  investiga- 
tion the  mystery  was  reatlily  solved.  Near  the  beginning  of  the 
Nicolay  aqueduct  is  the  village  of  Busalla,  and  at  the  time  in  ques- 
tion some  hunilreds  of  workmen,  including,  there  is  reason  to  believe, 
many  refugees  from  infected  localities,  were  engaged  on  a  new  rail- 
road, and  are  describe*!  as  living  in  the  most  filthy  conditions.  Chol- 
era brake  out  at  Busalla  on  September  14th,  and  several  cases  there- 
after daily  oct^urred  until  the  end  of  the  month.  Inquiry  disclosed 
the  fact  that  nearly  all  the  workmen,  both  the  sick  and  the  healthy, 
had  their  clothes  washed  in  the  Scrivia,  or  in  a  tributary  of  that 
stre4\m,  which  supplies  the  Nicolay  aquetluct  with  its  water. 

"As  so<in  a'^  these  facts  were  known  the  mayor  of  Genoa,  with  very 
commendable  jiromptitude  and  decision,  prohibited  for  a  time  the 
distribution  of  the  water  of  the  Nicolay  aqueduct,  or  rather  the  dis- 
tribution by  that  mpieduct  of  the  water  of  the  Scrivia.  This  was 
done  on  Soptenilier  28tb.  On  September  30th  the  cases  of  cholera 
fell  friHu  (!4  to  59,  and,  as  already  shown,  during  the  succeeding  days 
the  uiimlier  of  cases  suddenly  dropped  to  40,  27,  22,  21,  followed  by 
a  rapid  decline  to  »)7  on  October  17th." 

It  is  to  l>e  observed  that,  much  as  has  already  been  described  in 
regard  to  typhoid  fever,  so  in  the  case  of  cholera,  an  epidemic  which 
iu  its  mode  of  onset  may  be  typically  characteristic  of  diffusion  by 
means  of  water  may  not  die  away,  as  a  purely  water  epidemic  tends 
to  do,  so  soon  as  the  source  of  pollution  of  the  water  supply  has  been 
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discovered  and  removed.  Once  started,  the  prevalence  of  cbolera 
may  persist — may  in  fact  persist  as  lon^  as  the  coutlitions  continue 
under  which  the  cholera  vibrio  cau  maintain  its  separate  existence 
and  can,  even  only  occasionally,  find  access  to  the  drinking-water  or 
the  food  i>f  man.  This  was  markedly  the  csise  in  the  cinliLT  out- 
breaks of  cholera  in  Euroj)e,  and  always  has  been  ami  still  is  charac- 
teristic of  the  progre.ss  of  the  disease  in  many  parts  of  India.  How- 
ever definitely  cholera  might  be  intn)duced  by  an  infection  of  the 
genera!  water  supply,  it  was  maintained  by  local  insanitary  con- 
ditions, and  spread  so  rapidly  under  their  influence  that  its  original 
mode  of  distribution  was  thorou^dily  maskeil. 

It  will  be  found,  however,  that  in  many  of  the  cases  in  which 
cholera  is  said  to  have  liecome  endemic,  and  has  in  fact  taken  on  the 
endemic  tyjw  so  that  it  can  no  Iringer  Im  traced  to  any  iinllutiou  of 
public  water  supplies,  a  careful  search  into  the  habits  of  the  peojjle 
and  into  the  sanitary  deficiencies  to  which  the  prevalence  of  cholera 
inaj' be  attributed  will  show  that  even  these  habits  and  these  sani- 
tary deficiencies  are  effectual  in  ]iroduciug  clmU'ra,  chiefly  because 
they  involve  the  imllution  of  drinking-water  or  cooking-water  with 
cholera-infected  material ;  in  other  words,  that  the  cholera  wliich  arises 
from  local  insanitary  conditions  is  in  most  cusps  as  nmcli  water-borne, 
in  some  part  or  another  of  its  course  from  man  to  man,  as  is  that 
•which  occurs  in  sudden  outbursts,  affecting  large  areas,  and  definitely 
connected  with  pollution  of  puVilic  water  sui)iily — the  fnrni  which  has 
earned  for  itself  the  term  water  cholera. 

Although  this  article  only  jirofesses  to  deal  witli  cholera  so  hir  as 
it  is  a  water-lvorne  disease,  it  is  here  necessary  to  consider  Ijriefly 
some  of  the  fsicts  which  have  been  learned  in  regard  to  the  laws  which 
seem  to  govern  its  diffusion  in  India,  and  in  regard  to  the  influencea 
which  appear  to  lie  at  woi'k  in  setting  up  those  exacerbntiiuis  of  epi- 
demic vinilence  which  enable  the  disease,  which  is  normally  c<mfined 
to  a  comparatively  small  area,  to  become  at  times  a  widespread  epi- 
demic pestilence,  crossing  seas,  traversing  continents,  and  carrying 
destruction  in  its  course  around  the  world. 

What  is  inijiortant  to  ol)sprve  in  this  respect  is  that  even  in  its 
endemic  homo  in  India  cholera  rises  and  falls,  varying  in  its  jireva- 
lence  from  month  to  month  and  from  year  to  year,  and  that  witliin 
that  area  it  travels  from  jdaco  to  place,  not  being  always  ]iresent  in 
all  places  but  occurring  in  outbreaks,  and  then  subsiding  much  as  it 
does  when,  as  an  exotic  disease,  it  affects  people  in  countries  not 
usually  liable  to  its  attacks. 

Cholera  is  always  essentially  the  same,  and  difTers  only  in  its  de- 
gree of  virulence  and  in  its  opportunities  for  diffusion. 
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Tlie  main  peculiarities  of  the  climate  of  the  part  of  India  in  which 
cholera  is  constantly  endemic  are  its  moisture  at  certain  seasons,  its 
heat,  and  the  existence  of  a  dry  season  necessitating  the  use  of  stored 
water;  while  in  regard  to  the  social  customs  of  the  people  by  which 
the  prevalence  of  cholera  is  maintained,  {jromiuence  must  be  given 
especially  to  two — first  to  the  fre«iueut  ablutions  and  the  constant 
washings  of  their  clothing  (loin  cloths)  which  are  customary  in  the 
districte  in  question,  by  which  the  water  supply,  so  far  as  it  is  kept 
in  tanks,  tends  to  become  polluted ;  and  secondly  to  the  great  relig- 
ious bathing  festivals,  the  pilgrimages  to  which  are  a  frequent  meana 
of  carrying  the  disease  into  fresh  districts  and  setting  np  fresh  cen- 
tres of  infection. 

It  is  then  to  be  noted  that  so  far  as  climatic  influences  are  con- 
cerned— dampness  of  soil,  great  changes  in  the  level  of  subsoil 
water,  great  floods  washing  surface  impurities  into  the  water  sup- 
plies, and  the  climatic  necessity  for  usii^  stored  water — they  all 
have  to  do  more  or  less  with  water;  and  that  so  far  as  social  customs 
are  concerueil  thpy  also  are  related  to  water  and  its  domestic  or  i>er- 
sonal  use. 

The  physical  conditions  which  seem  to  influence  the  tendency  of 
cholera  to  become  endemic  in  any  place  have  to  do  with  ground 
water,  ground  air,  rainfall,  altitude,  temperature,  the  nature  of  the 
soil,  and  the  prevailing  sauitarj'  condition.  These  matters  are  best 
studied  iu  Inilia,  especially  in  those  parts  into  which  there  are  fre- 
quent ojiportiuiities  for  the  reintrcKluction  of  the  infection.  In  coun- 
tries where  the  disease  is  exotic,  the  introduction  of  the  infection  is 
the  clomiuaut  factor  in  deciding  the  occurrence  of  an  outbreak. 
Wliere,  however,  the  infection  is  almost  constantly  at  hand,  the  oon- 
ditiourt  of  the  place  iu  question  are  chieflj'  responsible  for  the  result, 
and  by  them  is  decided  the  question  whether  the  disease  shall  become 
prevalent  or  shall  pass  away.  It  would  appear  from  Macnamara  that 
in  India  there  is  no  universal  relation  tetween  rise  or  fall  of  ground 
water  aud  the  prevalence  <if  cholera.  In  Lower  Bengal  the  mortality 
from  cholera  is  as  a  rale  hi^^hest  during  the  dry  season,  from  October 
to  May,  and  throughout  the  raiua  the  death-rate  decreases.  At  firet 
sight  it  might  appear  as  if  some  connection  existed  between  the  rise 
aud  fall  of  the  ground  water  and  the  increase  or  decrease  of  cholera 
iu  that  part.  The  connection,  however,  is  but  incomplete.  The 
maxinnun  of  cholera  does  not  coincide  with  the  lowest  level  of  the 
ground  water,  nor  on  the  other  hand  does  the  alteration  of  its  level 
seem  to  be  influential  in  the  production  of  the  disease.  During  De- 
cember and  Januarv  the  level  of  the  underground  water  siibsides,  yet 
the  cholera  mortality,  instead  of  rising,  falls.     Moreover  the  relation 
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between  conclitioiis  of  the  ground  water  and  prevalence  of  cholera 
^•aTie8  in  different  parts  of  India,  so  that  no  rule  can  be  deduced  in 
regard  to  its  connection  with  the  spread  of  the  disease. 

The  relation  of  water  with  the  soil,  so  far  as  the  causation  of  chol- 
era is  concerned,  would  seem  not  to  be  so  much  a  matter  of  the  rise 
and  fall  of  the  level  of  the  ground  water,  as  of  the  production  of  such 
a  condition  of  moisture  and  of  aeration  of  the  soil  as  shall  render  it  a 
fitting  spot  for  the  €l6veloi)meut  of  the  cholera  bacillus.  Looked  at 
from  this  fioint  of  view  it  would  appear  that  the  character  of  the  soil 
as  to  porosity,  power  of  retaining  moisture,  and  power  of  absorbing 
air;  the  sanitary  condition  of  the  place,  by  which  is  regulated  the 
amount  of  organic  matter  iiresent  in  the  soil ;  the  amount  of  rainfall, 
by  which  is  determined  the  amount  of  moistui'e  reaching  it ;  the  slope 
and  altitude  of  the  area  in  question,  by  which  are  determined  the 
freedom  with  which  the  water  drains  away ;  and  the  temperature 
which  prevails  in  the  region  at  the  time — all  tiiko  a  share  in  the  i>ro- 
duction  of  the  particular  condition  re<iuired,  viz.,  a  moist,  well- 
aerated  soil,  containing  a  considerable  propoiiion  of  decomposable 
organic  matter,  and  maintained  at  a  comparatively  high  temperature. 

In  some  parts  of  India,  where  tlie  soil  in  always  naturally  in  a  fit 
state  for  the  breeding  of  the  cholera  vibrio,  the  ouHet  of  tlie  rains,  by 
which  the  soil  becomes  sodden  with  water  and  all  the  air  is  driven 
out  of  its  interstices,  stops  the  progress  of  the  disease,  while  in  other 
regions,  which  usually  have  a  dry  soil,  it  is  not  imtil  the  raius  come 
that  the  cholera  can  take  root.  There  is  thus  uo  coustuut  relation 
between  the  rains  and  the  cholera.  Sometimes  the  raius  i>roduce  and 
sometimes  they  desti'oy  the  conditions  necessary  for  the  development 
of  the  disease.  It  is  ea.sy  also  to  understand  why  cholera  so  often 
Ijrevaila  in  the  neighborhood  of  rivers ;  partly  from  the  fact  that  the 
rivers  are  the  natural  hi(^hways  of  travel  and  that  it  is  mainly  along 
the  lines  of  travel  that  infection  spreads,  but  also  from  the  fact  that 
along  the  banks  of  rivers  there  is  often  just  that  overcrowding  of  the 
population,  that  accumulation  of  decomposing  matter,  and  that  de- 
gree of  dampness  of  the  siibsoil,  which  are  so  conducive  to  the  growth 
of  the  micro-organism  on  which  cholera  depends. 

It  would  not  be  a  correct  view  of  the  matter,  however,  to  look 
upon  the  geological  and  climatic  influences  as  respousilile  for  the  per- 
sistence of  cholera  in  India.  Although  the  cliolera  vibrio  can  live 
and  grow  for  a  time  in  the  soil  or  in  water,  there  is  no  reason  for  be- 
Ueving  that  it  ever  takes  on  permanently  or  even  for  any  very  con- 
siderable time  this  saprophytic  form  of  existence.  The  climate  of 
India  favors  its  persistence  in  that  hy  its  aid  the  microbe  can  easily 
maintaiu  its  existence  outaide  the  bodv.  eo  as  to  bridge  over  those 
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intervals  which  must  usually  elapse  between  its  exit  from  one  host 
and  its  entry  into  another ;  but  that  is  all.  It  is  to  the  habits  and 
customs  of  the  people  that  the  persistence  of  cholera  is  largely  due. 

The  instincts  of  the  Hindus  are  in  favor  of  cleanliness,  and  many 
of  the  obligations  laid  upon  them  by  custom  and  tradition  are  in 
essence  of  good  sanitary  intent;  but  as  carried  out,  and  as  put  in 
practice  in  manj'  of  those  parts  where  cholera  is  common,  they  have 
so  far  lost  their  original  meaning  as  to  have  liecome  instruments  for 
the  spread  of  disease  rather  than  for  its  prevention. 

The  custom  of  indulging  in  frequent  ablutions  and  daily  bathings, 
although  in  itself  good,  temls  definitely  to  evil  when  water  is  scanty 
and  the  same  supply  has  to  be  used  lx)th  for  cleansing  and  for  cook- 
ing purposes.  If  possible  it  is  customary  for  the  Hindus  to  bathe 
every  day,  and  for  the  women  to  do  so  even  oftener,  and  yet  during 
several  months  there  is  no  rainfall  and  they  have  to  trust  entirely, 
both  for  drinking  and  bathing,  to  water  which  has  been  stored  in 
tanks.  The  custom  continues  although  the  meaning  of  it  is  lost 
sight  of,  and  thus  it  happens  that  in  some  villages,  which  are  sup- 
plied only  with  tank  water,  it  is  the  ordinary  habit  of  the  natives  to 
use  for  all  culinary  purj)oses  water  drawn  from  public  tanks  in  which 
the  villiigers  bathe  and  wash  tlieir  clothes,  and  around  which  is  accu- 
iimlated  all  sorts  of  filtli,  including  much  excrementitious  matter. 
Tlioro  can  Ik?  no  doubt  that  the  habit  of  drinking  foul  irater,  and  the 
L'lmstiiut  risk  tlicreby  iuvolved  of  drinking  water  which  has  become 
ixilluted  with  the  specific  infection  of  cholera,  is  the  great  cause  of 
the  I'liustniit  presence  of  that  disease  in  India. 

In  a  p;i[it^r  read  ln'foro  the  British  Medical  As.iociation  in  1888, 
Dr.  Simpson,  medical  ofiicer  of  health  fur  Cidcutta,  gave  a  descrip- 
tinn  ()f  thiit  city  and  the  adjacent  town  of  Howrah  and  their  suburbs, 
di'aling  psiiccially  with  tlieir  sanitary  arraugoments.  Calcutta  to  the 
south  of  tlie  native  town  is,  he  said,  well  built;  the  streets  are  wide 
and  straiglit;  there  is  a  liberal  sujiply  of  excellent  water,  the  drain- 
age and  cloausiug  are  gnnd,  and  tiiat  part  of  the  city  compares  favor- 
aVily  with  the  botti^r  parts  of  London.  With  a  few  exceptions  the 
nnrtliern  and  uativo.  Calcutta  is  den.sely  crowded,  the  streets  are  nar- 
row and  irregular,  the  drainage  is  bad,  only  the  better  and  midille 
clasnes  have  a  fair  supjily  of  water;  the  poorer  class  have  a  very 
scanty  water  su])ply,  and  dojiend  npnn  the  water  in  the  tanks.  The 
native  town  is  studded  with  wells  and  tanks.  Neither  Howrah  with 
its  100,000  inhabitants  nor  the  suburbs  of  Calcutta  with  its  250,000 
has  any  jniblic  water  supjily  with  tlio  exception  of  the  wells  and 
tanks.  As  a  general  rule  Euro])ean  residents  in  Howrah  get  their 
water  from  Calcutta  by  carriers,  and  they  avoid  the  well  and  tank 


water.  The  personal  habits  of  the  natives  are  cleanly.  As  a  re- 
ligious duty  they  bathe  at  least  once  a  day,  the  women  more  fre- 
(jueutly,  and  this  is  done  when  convenient  in  the  Kiver  Hoogly,  but 
generally  in  the  tanks  near  their  houses  or  huts.  The  tanks  are 
thus  defiled  by  the  excretions  of  the  body,  by  the  washinf^  of  dirty 
clothes,  frequently  of  clothes  soiled  by  excretions  of  the  sick,  by 
human  ordure  due  to  the  practice  of  children  and  others  defecating 
on  the  banks  of  the  tinks,  and  by  the  drainage  and  soaka^^e  from  the 
surrounding  huts  and  houses.  Thus  the  water  in  the  tanks,  except 
daring  the  rainy  season,  becomes  extremely  foul,  aud  this  is  the 
only  water  supply  practically  available  for  large  numbers  of  the  na- 
tive population. 

One  may  indeed  legitimately  express  astonishment  that,  with  the 
facilities  which  exist  in  such  places  for  the  ingestion  of  the  cholera 
infection,  the  whole  native  popuhition  is  not  swept  away  b_v  the  cUs- 
ease.  In  regard  to  this  it  must  be  remembered  that  only  a  certain 
portion  of  any  community  is  BU.sc6i)tibl6  to  cholera,  while  there  is 
every  reason  to  believe  that  a  certain  degree  of  immunity  to  the  dis- 
ease is  acquired  by  those  who  are  constantly  exposed  to  small  doses 
of  its  infection.  Probably  tins  is  the  explanation  of  the  fact  that, 
heavy  as  is  the  loss  of  life  fruui  choka'a  iu  thoHO  parts  which  are  con- 
stantly affected  by  its  ravages,  the  percentiigo  of  mortality  (iu  those 
years  when  cholera  does  attack  them)  is  considerably  higher  iu  those 
I)laces  where  the  disease  is  only  au  occasioual  visitor  thau  iu  districts 
where  the  cholera  is  coustiiutly  endemic. 

Although  it  is  now  generally  admitted  that  cholera  is  capable  of 
being  diffused  by  means  of  water,  it  so  often  happens  iu  ludia  that 
outbreaks  occur  which  the  most  careful  search  fails  to  associate  with 
any  deficiency  in  the  arrangements  for  the  water  8niq>ly,  that  the 
view  is  strongly  held  by  mau}'  that  the  sijoradic  outbreaks  of  cholera 
which  are  so  common  in  that  country  must  be  caused  in  some  other 
way.  Great  interest  therefore  atta^'hos  t(j  the  researches  made  of 
late  years  by  Mr.  E.  H.  Hankin,  bacteriologist  to  the  Nortliweat 
Provinces  of  India,  who  has  investigated  with  minute  care  several 
such  outbreaks,  aud  to  the  resultn  he  has  obtained,  iu  that  they 
tend  to  show  the  large  part  played  by  water  iu  the  etiology  eveu  of 
these  sporadic  cases,  distinctly  differentiated  as  they  may  seem  from 
the  epidemics  which  arise  from  wholesale  infection  of  large  public 
water  supplies. 

In  certain  cases  he  was  able  to  trace  the  infection  to  the  eating  of 
encumber,  and  in  these  cases  it  was  clear  that  the  microbe  had  ob- 
tained access  to  the  skiu  of  the  cucumber,  as  it  does  also  to  the  skin 
of  the  melon,  aa  a  result  of  the  extremely  foul  surroundings  in  which 
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these  vegetables  are  grown.  But  even  in  these  cases  the  washing  of 
the  cucumbers  had  led  to  the  infection  of  certain  water-vessels  in  the 
cookhouses,  notwithstanding  that  the  origin  of  the  water  had  been 
proved  to  be  good.  He  has  shown  also  that  the  skins  in  which  water 
is  usually  carried  about  by  the  water-carriers  may  themselves  become 
infected  with  the  cholera  vibrio,  so  that  the  water  distributed  by  these 
men  may  carry  infection,  although  it  may  have  been  derived  from  & 
perfectly  pure  source.  The  Indian  cookhouses,  moreover,  and  the 
habits  of  the  cooks  appear  to  be  largely  instrumental  in  the  produc- 
tion of  a  certain  class  of  outbreak  not  uncommon  in  India,  where 
sometimes  cholera  occurs  even  after  the  most  complete  measures  have 
been  taken  to  secure  pure  water.  The  following  is  an  example  of  the 
kind  of  investigation  which  has  to  be  undertaken  by  a  bacteriologist 
who  would  get  to  the  root  of  the  matter,  and  shows  how  the  most 
obscure  cases  may  turn  out,  on  sufficiently  minute  inquiry,  to  have 
arisen  from  water-carried  infection.  The  case  was  published  in  the 
British  Medical  Journal  for  December  26th,  1896,  and  is  as  follows : 

"On  July  13th,  1896,  thirteen  persons  sat  down  to  dinner  on  a 
guest  night  at  an  officers'  mess  in  Saugor,  a  atiitioa  in  the  Central 
Provinces.  Two  days  later  no  fewer  than  nine  of  the  partakers  of  the 
dinner  were  attacked  with  severe  diarrhoea,  vomiting,  and  prostratioD, 
which  in  three  cases  developed  into  typical  cholera.  Of  these  three 
cases,  only  one  recovered.  The  outbreak  in  its  sanitary  aspects  was 
investigated  by  Brigade-Surgeon-Lieutenaut-Colonel  Hutcheson,  san- 
itary commissioner  to  the  Central  Provinces,  assisted  by  Surgeon- 
Captain  Marks.  At  the  time  no  other  cases  of  cholera  were  occurring 
elsewhere  in  cantonments,  and  but  little  cholera  was  present  in  the 
neigli boring  town.  This  isolation  of  the  outbreak  might  l>e  regarded 
as  adding  to  the  iliffieulty  of  supposing  tliat  it  was  ordinary  cholera, 
and  it  might  be  suggested  that  it  was  an  example  of  ptomain  poison- 
ing. The  high  percentage  of  those  exposed  to  the  infection  who  were 
attacked,  and  the  prasence  of  tinned  prawns  in  aspic  as  an  item  in 
the  »t6in(  of  the  fatal  dinner  party,  lent  color  to  the  idea.  But,  on  the 
one  hand,  the  existence  of  a  regular  incubation  period  of  about  two 
(lays  in  every  ease,  the  typical  choleraic  aspect  of  the  symptoms  in 
the  severer  cases,  and  the  fact  that  at  least  one  of  those  attacked  had 
not  eaten  the  tinned  prawns,  made  the  conclusion  inevitable  that  the 
disorder  was  due  in  jiart  at  least  to  the  cholera  microbe. 

"  A  clew  to  the  proximate  cause  of  tlie  outbreak  was  furnished  by 
the  only  other  case  of  cholera  that  occurred  in  the  cantonments  at  the 
time.  The  patient  was  a  sen'ant  of  one  of  the  guests,  and  had  been 
employed  in  the  mess  on  tlie  occasion  of  the  dinner  party  in  question. 
Owing  to  his  being  a  JLulrassi  he  could  eat  European  food.  Such 
food  could  not  liR  eaten  by  the  other  servants  owing  to  their  caste 
customs.  The  Madrassi  servant  was  attacked  on  July  loth — that  is  to 
"^y,  at  the  same  time  as  the  other  victims,  and  died  on  the  same  day. 
t  was  discovered  that  he  had  eaten  the  remains  of  a  chocolate  pui- 
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ding  that  bad  been  left  over  from  the  dinner.  He  had  not  eaten  any 
of  the  tinned  prawns  or  any  other  footl  so  far  as  could  be  ascertained. 
That  the  outbreak  was  not  due  to  the  more  ordinary  channel  of  drink- 
ing-water was  proved  by  the  fact  that  all  the  servants  in  the  mess 
drank  from  the  single  well  that  was  in  the  mess  comi>ound,  and  that 
with  the  above  exception  they  all  remained  in  good  health ;  further, 
the  mess  was  provided  with  a  Pasteur  filter,  and  but  few  of  the  mem- 
bers ever  drank  water.  Consequently  the  investigation  threw  a  strong 
BTispicion  on  the  chocolate  pudding.  At  thin  Bt4ige  of  the  investiga- 
tion I  was  called  in  to  see  whether  the  bacteriological  test  could  throw 
any  light  on  the  mode  of  access  of  cholera  microbes  to  the  chocolate 
pudding,  and  on  the  reason  why  in  this  position  these  microbes  ex- 
hibited such  excei»tional  virulence. 

"  A  bacteriological  examination  of  everything  in  the  mess-house 
and  mess-house  kitchen  that  was  wet  resulted  in  the  discovery  of  the 
cholera  microbe  in  a  fully  virulent  condition  in  a  siiflicieutly  unex- 
pected iMsition.  Such  care  was  being  taken,  and  had  bt-en  taken,  in 
the  sanitjitiou  of  this  kitchen,  that  all  drinking-water  was  not  only 
boiled  but  passed  through  a  Pasteur  filter.  The  choh^ra  microbe  was 
found  in  a  degchie  of  recently  boiled  water  that  was  standing  near  the 
Pasteur  filter  resuly  to  be  poured  into  it.  The  water  coming  from  the 
Pasteur  filter  naturally  was  free  of  cholera.  The  origiual  water  sup- 
pl^'  whether  taken  direct  from  the  well  or  from  the  bhisti's  mussack 
was  found  to  be  free  of  infection.  The  same  water,  whether  stored  in 
eartlien  vessels  or  in  tins  or  glasses  in  the  me.ss-house,  was  in  every 
case  found  to  be  free  of  infection.  There  is  every  probability  that 
the  wafer  in  the  degchie  had  reaUy  been  boiled,  a  process  which  olv 
viously  would  remove  any  cholera  microbes  that  might  be  jireHent, 
since  after  a  severe  outbreak  such  obvious  precautions  are  not  usually 
neglected.  No  one  had  in  all  probability  introduced  the  infection  by 
taking  water  out  of  the  degchie  by  means  of  an  infected  vessel,  be- 
cause the  degchie  was  still  (juite  full  of  water  at  the  time  of  my  visit. 
It  was  not  likely  that  the  infection  had  been  introduced  by  means  of 
flies  into  the  water,  because  the  lid  was  on  the  degchie,  and  probably 
had  been  there  since  the  degchie  had  been  removed  from  the  tire. 
Only  one  channel  remains  that  I  can  think  of  by  which  the  water  in 
the  degchie  is  likely  to  have  liecome  infected,  namely,  from  the  dish- 
cloth used  in  carrying  it.  A  degchie,  it  may  be  exi>!ained,  is  a  cook- 
ing-pot without  a  handle,  whose  month  is  jirovided  with  a  projecting 
rim.  The  servants  usually  take  hold  of  this  rim  on  both  sides  by 
means  of  a  dishcloth  when  carrying  the  degchie  about.  The  lid  is 
merely  a  concave  sheet  of  metid  fitting  loosely,  and  while  the  degchie 
was  being  carried  from  the  kitchen  to  the  pantry  the  water  it  con- 
tained was  almost  certain  to  be  splashed  uji  against  the  dishcloth, 
and  if  the  dishcloth  was  infected  with  cholera  microbes,  the  latter 
might  be  introduced  into  the  water.  Investigation  showed  that  the 
clean  dishcloths  on  their  return  from  the  wash  arrived  ini])rcgnated 
with  cholera  microbes.  The  mess  dliobie  was  in  the  habit  of  wash- 
ing the  dishcloths  in  a  running  stream  two  miles  and  a  half  from  can- 
tonments, in  whose  water  no  cholera  microbes  could  be  detected. 
Surgeon-Captain  Marks,  who  investigated  the  matter,  found  that  it 
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was  highly  improbable  that  tlie  dishcloths  had  become  infected  owing 
to  their  haviug  beeu  washed  in  the  same  vessel  as  cholera-infected 
clothiiig,  both  Decauae  the  dhobie  did  not  use  any  vessel,  bat  only 
the  running  water,  and  because,  so  far  as  could  be  learned,  he  only 
worked  for  the  mess  aud  for  a  few  Europeans  who  had  remained  in 
^ood  health.  For  some  time  the  source  of  infection  of  the  dishcloths 
entirely  escaped  our  seaich,  but  at  length  Surgeon-Captain  Marks 
found  that  during  May  and  June,  that  is  to  say,  during  the  few  weeks 
before  the  outbreak  in  the  mess,  five  or  six  cases  of  cholera  had  op- 
eurred  in  some  huts  situated  about  thirty  yards  from  the  place  where 
the  dhobie  washed.  The  drainage  from  these  huts  went  in  the  direc- 
tion of  the  river,  and  at  length  the  cholera  microbe  was  detected  in 
sand  from  near  the  bank  of  the  river  at  the  place  where  the  dishclothfl 
were  usually  laid  out  to  dry. 

"  Though  other  sources  of  infection  are  by  no  means  excluded,  the 
aliove  is  the  only  way  by  which  virulent  cholera  microbes  may  have 
been  introduced  into  the  mess  at  the  time  of  the  outbreak  in  favor  of 
which  any  positive  evidence  can  be  brought  forward. 

"  Assuming  tiiat  at  the  time  of  the  outbreak  cholera  microbes  were 
present  on  the  dishcloths,  it  is  obvious  that  the  chocolate  pudding  or 
its  coustitueuts  may  have  beeu  infected  by  any  of  the  vessels  used  in 
its  ]>reparatiou  haviug  Ijeeu  cleaned  by  these  dishcloths.  There  is 
auiitber  more  direct  way  in  which  the  infection  may  have  l)een  intro- 
duced, depeudiiij^  on  the  habits  of  the  native  cooks.  Every  cook  pos- 
sesses a  piece  of  muslin  through  which  he  strains  all  sauces,  custard, 
blauc  manges,  etc.  This  muslin,  owing  to  its  frequent  use,  is  apt  to 
ac<|uir<>  a  bad  smell.  If  this  becomes  too  pronounced,  the  foodac- 
(luires  a  disugreealilo  tlavor,  and  the  cook  is  likely  to  be  fined.  In 
order  to  avoid  this  the  muslin  is  occasionally  sent  to  the  wash,  I  sus- 
pect, even  iu  cnsos  in  which  the  dishcloths  are  never  thus  exposed  to 
tlie  risks  of  infection  with  the  microbes  of  water-borne  diseases.  As 
will  be  shown  below,  the  couHtituents  of  the  chocolate  jmddinghad 
been  strained  tlirons^'h  such  a  piece  of  muslin. 

"  The  question  now  arises,  Why  should  chocolate  pudding  be  such 
a  dangerous  nidus  for  cholera  microbes?  An  answer  to  this  question 
may  be  obtained  from  a  considecation  of  the  method  of  making  it, 
aud  of  the  properties  of  its  constituents.  Roughly  speaking,  it  is 
made  us  follows: 

"  First,  the  contents  of  a  packet  of  gelatin  are  dissolved  in  warm 
water.  The  cook  then  adds  to  it  milk,  sugar,  and  the  whites  of  sev- 
eral pgK's.  The  constituents  are  weU  Iieuteu  up  together,  and  then 
strained  through  a  piece  of  muslin.  The  mixture  is  next  divided  into 
thn-e  portions.  To  one  powdered  chocolate  is  added  to  produce  a 
brown  color;  cochineal  is  added  to  the  next  portion,  and  the  third 
portion  is  flavored  with  essence  of  vanilla,  possibly  in  order  to  remove 
the  taste  of  the  cook's  lingers.  A  mould  is  placed  in  ice.  A  part  of 
tlie  still  warm  chocohite-colored  porti<ju  is  poured  into  the  mould. 
When  it  lias  set,  some  of  another  colored  portion  is  added.  When 
this  has  set,  more  is  added,  aud  so  on  until  the  mould  is  full.  Thus 
a  pudding  of  ojiaque  jelly  iu  ditfereut  colored  layers  is  produced. 
This  in  obviously  a  long  process,  during  which  the  portions  that  are 


CHOLERA,  S47 

bot  yet  in  tlie  mould  are  kept  at  a  warm  temperature,  such  as  tends 
to  aid  the  growth  of  microlaes,  for  several  hours. 

"From  the  above  enumeration  of  the  constituents,  it  ia  obviously 
likely  that  the  chocolate  puddiuK  will  be  a  good  breeding-place  for 
cholera  microbes,  and  it  is  possible  that  the  large  percentage  of  at- 
tacks in  the  present  instance  was  due  to  cholera  microbes  having  been 
swallowed  in  enormous  quantities.  lu  order  to  test  this  posi^ibility, 
it  was  obviously  necessary  to  obtain  the  coiistituenta  in  a  sterile  con- 
dition, and  then  to  add  a  measured  quantity  of  cholera  microbes,  and 
estimate  their  rate  of  reproduction. 

"  So  far  as  the  milk  and  eggs  were  concerned,  it  was  necessary  to 
obtain  them  in  a  sterile  condition  without  the  aid  of  heat,  as  boihng 
might  possibly  affect  their  nutritive  value.  In  order  to  do  this  some 
milk  was  obtained  from  a  disinfected  cow,  by  means  of  a  disinfected 
milkman  with  every  aseptic  precaution.  Some  of  the  white  of  a 
fresh  egg  was  removed  through  a  hole  in  a  portion  of  the  shell  tliat 
had  been  calcined  in  a  blowjiii>e  flame.  These  two  liquichj  were 
added  to  some  previously  sterilized  and  dissolved  gelatin  in  a  tost 
tube.  The  mixture  was  inoculated  with  a  trace  of  cholera  microbes, 
and  it  was  then  found  that  about  twenty  thousand  of  these  microbes 
per  cnbic  centimetre  were  present.  I  imitfited  the  cook  in  kee]iing 
the  mixture  in  a  warm  place,  by  putting  the  test  tube  in  an  incubator. 

"  On  the  following  day  the  cholera  raicrolves  had  reproduced  at 
such  a  rate  that  nine  millions  wore  present  in  everj'  cubic  centimetre. 
This  rate  of  reproduction  was  not  quit©  so  much  as  I  had  expected 
for  chocolate  pudding,  so  I  siLspected  that  I  had  made  some  mistake 
in  the  culinary  part  of  the  experiment.  This  I  was  fortunate  enough 
to  detect.  I  had  used  the  ordinary  laboratory  gelatin  that  is  used 
for  cultivating  microbes.  The  cook  had  used  the  spocialiy  purified 
gelatin  that  is  sold  for  making  jeDies  aud  siniihir  nutritious  fond  for 
invalids.  I  thereuiion  repeated  my  experiment,  but  using  the  shop 
gelatin  instead  of  the  other.  The  mixture  was  again  inoculated,  aud 
this  time  the  cholera  microbes  reiuoduced  with  such  amazing  rapidity 
that  eighteen  houi's  later  no  less  than  four  himdred  million  cholera 
microbes  were  present  per  cubic  centimetre.  The  ex]ilauati'jn  of  the 
diflference  in  the  results  of  the  two  experiments  is  extremely  siniijle. 
The  ordinar\'  coarse  gelatiu  that  I  used  in  the  first  experiment  is 
acid  in  reaction.  The  other  constituents  of  the  chocolate  jjudding  are 
alkaline  or  neutral.  The  juixture  has  a  faint  acid  roactitm.  Cholera 
microbes  are  hindered  in  their  growth  by  the  presence  of  even  mi- 
nute quantities  of  acid.  Itcfined  gelatin  and  isinglass  that  are  used 
in  making  jellies  aud  puddings,  on  the  other  hand,  are  alkaline,  and 
hence,  with  the  other  constituents,  make  an  alkaline  and  excellent 
food  medium  for  the  cholera  microbe.  Fortunately  for  us,  by  far  the 
greater  portion  of  our  food  has  a  faint  acid  reaction.  The  above- 
mentioned  constituents  of  chocolate  pudding  are  the  only  things  com- 
monly used  by  cooks  that  I  can  think  of  that  have  an  alkaline  reaction. 

"  Consef (uently  this  little  research  suggests  an  ex(ilanation  of  the 
excessive  virulence  shown  by  the  cholera  microbes  in  the  chocolate 
pudding.  The  unfortunate  jiartakers  at  tlie  dinner  party  were  swal- 
lowing cholera  microbes   that  were  actively  reproducing,  and  that 
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were  ijresent  in  enormous  quantities.  Tlie  investigation  also  gives 
na  a  valuable  hint  as  to  how  to  avoid  such  accidents  in  future.  In 
the  present  condition  of  cooks  and  cookhou.ses  in  India  I  believe  it  is 
almost  impossible  to  prevent  the  microbes  of  enteric  fever  or  cholers 
from  being  introduced  occsusiouall^'.  What  I  believe  can  be  done  is 
to  avoid  pampering  these  unwelcome  visitors.  Cold  puddings  made 
in  the  above-<leHcriljed  way  with  gelatin  or  isiughvss  should  obvi- 
ously be  avoided.  In  Indian  cantonments,  if  cholera  microbes  are 
not  about,  the  enteric  microbe  is  usiuilly  not  far  off,  and  these  cold 
[luddings  are  as  likely  to  be  able  to  nourish  one  microlje  as  the  other. 
Ordinary  transparent  jellies  are  probably  less  dangerous  than  opaqne 
jfllies,  not  Ivecauso  they  are  not  cajjable  of  supporting  the  life  of  dan- 
gerous microbes,  but  because  while  being  made  they  have  to  be  boiled 
after  the  addition  of  white  of  egg,  in  order  to  clarify  them.  The 
boiling  will  destroy  any  cholera  or  enteric  microbes  present,  and  as 
these  jellies  are  likely  to  be  strained  while  hot,  they  are  the  less 
likely  to  Vio  iufocted  from  the  flannel  bag  or  cook's  loin-cloth  that  is 
used  for  the  purpose." 

This  case  shows  well  how  roundabout  may  be  the  route  by  which 
tlie  infection  may  travel,  and  tiie  experiments  made  by  Mr.  Hankin 
also  illustrate  a  fact  which  has  already  been  mentioned,  viz.,  that  a 
very  small  (luautity  of  the  infection  planted  upon  a  suitable  nutrient 
medium  is  capable  of  rapid  self -multi  plication  to  such  an  enormona 
extent  as  to  become  a  jioison  of  the  greatest  virulence  if  swallowed  at 
the  appropriate  moment. 

When,  then,  cholera  is  spoken  of  aa  a  water-borne  disease  it  must 
be  rememl>ered  that  that  phrase  is  by  no  means  meant  to  suggest  that 
tlie  microi)e  is  always  carried  by  water  direct  from  the  x)atientwho 
gi\e3  rise  to  the  infection  to  the  one  by  whom  the  infection  is  received. 
There  may  be  many  stages  in  its  progreas  from  the  one  to  the  other, 
many  gejierations  of  vibrios  maj'  intervene,  and  in  the  course  of  these 
generations  the  microbe  may  grow  on  many  different  sorts  of  mate- 
rial, but  somewhere  or  other  in  its  progress  it  will  generally  be  found 
that  water  has  had  a  hand  in  the  distribution  of  the  infection.  Either 
water  has  itself  been  the  medium  in  which  it  has  grown,  or  has  been 
the  means  by  which  it  has  been  carried  from  place  to  place ;  the  mi- 
crobe sometimes  being  carried  by  sewage  on  to  land  used  for  the 
growth  of  vegetables  which  thus  become  infected;  sometimes  being 
washed  into  wells,  or  tanks,  or  streams,  the  water  from  which  is  — ■* 
for  cooking  or  for  washing  purposes  and  thus  only  indirectly  gi 
access  to  man;  somotimos  being  carried  directly  into  drinking 
and  gaining  immediate  access  to  its  next  victim. 

The  phrase  "water-borne"  then,  aa  applied  to  cholera,  c 
refer  merely  to  the  infection  of  great  water  supplies  giving  . 
vast  epidemics,  but  has  to  do  with  cups  and  plates  and  cooking 
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sils  and  the  water  in  which  they  are  washed ;  with  salads  and  vege- 
tables and  the  water  with  which  they  are  irrigated  in  the  garden  and 
rinsed  in  the  kitchen;  and  with  the  personal  cleanliness  of  all  who 
are  concerned  in  the  preparation,  storing,  and  distribution  of  food  or 
drink.  In  this  sense  nearly  all  cholera,  at  one  pai-t  or  another  of  its 
course  from  man  to  man,  is  water-borne. 

It  would  be  a  matter  of  considerable  interest  to  inquire  what  are 
the  protective  influences  which  communities  weave  around  themselves 
so  as  to  diminish  the  harmfulness  of  the  diseases  to  which  they  are 
more  especially  exposed.  It  is  too  large  a  question  to  take  up  here, 
hut  it  may  be  mentioned  that,  while  in  many  places  in  India  careless- 
ness as  to  the  water  supply  seems  one  of  the  predominating  causes 
conducing  to  the  contiuuoiis  prevalence  of  cholera,  there  are  also  in 
many  parts  habits  and  traditional  customs  tending  to  preserve  water, 
and  esi^ciallj'  well-wator,  from  defilement.  The  caste  system  which 
is  8o  all-penading  among  the  Hindus,  and  which  in  many  ways  op- 
poses such  obstacles  to  any  advance  or  improvemcut  in  their  con- 
dition, does  to  a  not  inconsiderable  extent  protect  the  wells  j  for 
while  these  are  largely  under  the  care  of  people  of  high  casta  whose 
occupations  never  lead  them  to  foul  their  hands  with  fipcal  matters, 
the  people  of  low  caste,  who  form  the  sweeper  class,  are  never  allowed 
to  approach  those  wells  which  are  used  for  the  supjily  of  drinking- 
water.  Then  the  custom  of  eating  their  meals  apart,  and  those  cns- 
toma  of  caste  which  tlivide  even  small  communities  into  separate 
groups  which  hardly  mingle  for  any  purposes,  tend  much  to  stay  the 
progress  of  infectious  diseases. 

Duriug  the  great  fairs  and  festivals,  however,  and  in  the  course  of 
the  long  pilgrimages  which  people  undertake  for  the  sake  of  attend- 
ing them,  such  protective  customs  are  of  but  small  avail,  and  a  study 
of  the  history  of  cholera,  both  in  India  and  in  the  other  countries  to 
which  it  has  been  carried,  shows  how  largely  pilgrimages  and  wars, 
great  gatherings  and  great  movements  of  men,  have  conduced  to  the 
development  of  epidemics  and  to  the  spread  of  the  disease  over  large 
areas.  Nor  is  this  surprising  when  it  is  remembered  how  even  the 
most  sanitarily  disposed  peojjle  have  to  put  up  witii  insanitary  con- 
ditions whenever  masses  of  men,  unaccustomed  to  each  other's  ways, 
are  crowded  together,  without  any  special  provision  for  the  disposal 
of  their  excreta,  and  are  forced  by  the  necessities  of  the  case  to  make 
use  of  such  water  as  may  be  found  at  hand. 

In  regard  to  the  ])ilgrimages  in  and  from  India,  however,  there 
have  always  been  special  sources  of  danger,  arising  from  tlie  fact  that 
the  bathing  in  and  the  drinking  of  cei-taiu  waters  which  are  esteemed 
to  be  holy  often  form  no  small  part  of  the  festivals  in  question.     The 
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mere  aggregation  of  bucIi  crowds  of  people  as  attend  some  of  these 
festivals,  many  of  whom  come  out  of  districts  in  which  cholera  is 
almost  alwavs  present,  and  are  therefore  almost  certain  to  have  among 
them  some  who  are  infected  with  the  disease,  would  of  itself  be  suffi- 
cient to  scatter  the  malady  far  and  wide ;  but  the  bathing  gives  ad- 
ditional opportunities  for  its  diffusion.  The  town  of  Hardwir,  at 
which  every  twelve  years  a  great  fair  is  held,  ha.s  again  and  again 
been  a  centre  for  the  diffusion  of  cholera.  It  is  not  within  the  area 
in  which  the  disease  is  endemic,  but  the  water  of  the  Ganges  attiiat 
spot,  just  as  it  escapes  clear  and  cool  from  its  upland  home,  baa  a 
peculiar  fascination  for  the  dwellers  in  the  hot  and  vaporous  plains, 
so  that  tlie  Hardwar  fair  is  always  largely  attended  by  jjilgrims  from 
the  area  where  cholera  is  constantly  endemic. 

It  lias  thus  frequently  happened  that  this  great  concourse  has  been 
fnllowpd  by  a  wide  diffusion  of  the  diHcaso  outside  its  bounds.  Be- 
sides the  annual  fair  a  Kumbh  or  great  fair  takes  place  every  twelve 
years,  and  tlio  occasion  is  looked  upon  by  all  Hindus  as  one  of  pecu- 
liar Hiiuftity.  Hence  very  large  numbers  avail  themselves  of  the  op- 
portunity of  bathing  in  the  holy  pool.  In  1891,  when  the  last  Knmbli 
fair  was  held,  SOO.CKK)  to  1,000,000  pilgrims  assembled  in  the  town, 
wliii-li  has  usually  only  29,000  inhabitjiuts.  The  risk  run  maybe 
imagined.  At  these  fairs  the  ver}'  aim  and  object  of  the  pilgrimage 
is  to  batlio  in  Iho  sacred  river  and  to  drink  of  its  holy  waters.  Yet 
among  the  crowd,  largely  drawn  as  it  is  from  the  "endemic  area," 
some  one  or  other  is  sure  to  be  affected  with  cholera  and  to  foul  the 
streani,  giving  to  those  who  drink  the  fetid  water  in  the  hoi*  of 
sauutity  an  infection  which  quickly  brings  about  their  death.  TLe 
pilgrims,  however,  are  not  the  only  sufferers.  Soon  after  the  festival 
is  over  they  aro  scattered  to  the  four  winds  of  heaven,  carrying  with 
them  the  iufei-ti(in.  Some  drag  their  weary  bodies  homewards  till 
they  drop  by  the  wayside  and  die,  others  by  boat  or  train  are  carried 
to  distant  ]>arts,  where,  if  they  do  not  die  en  roiife,  they  set  up  fresli 
foci  of  disease  from  wliich  infection  spreads  among  their  ueighbois. 

Ho  much  for  the  fairs  of  India.  Clearly  their  danger,  so  far  as 
tljo  dissemination  of  cholera  is  concerned,  depends  largely  on  the  fact 
that  cholera  is  a  water-liorne  disease. 

Tliero  is,  however,  another  pilgrimage,  in  this  case  a  Mohamme- 
dan tine,  whir'h  involves  even  greater  danger  to  the  world  outside,  vit, 
the  annual  pilgrimage  to  Mecca;  and  the  danger  of  this  again  is  asso- 
ciated with  the  use  of  water  in  the  ceremonial  which  is  ondergone  by 
all  the  faithful  on  tlnMr  arrival  at  the  holy  city.  Every  pilgrim 
drinks  the  water  of  the  sacred  well  of  Zem  Zem.  This  hi  the  well 
from  which  Hagar  is  said  to  have  drawn  water  for  her  son  Ishmael, 
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and  the  driuking  of  the  water  is  a  most  holy  rite.  Tlie  supply,  how- 
ever, is  not  so  large  as  loigLt  be  desired  for  so  great  a  crowd  of  pil- 
grims, and  the  manner  of  dealing  with  it  at  the  well  goes  far  to 
explain  the  heavy  mortality  which  attends  any  outbreak  of  cholera 
among  the  Meccan  pilgrims.  At  a  given  time  they  each  in  turn 
stand  naked  at  the  place  ap]3oiuted;  a  bucket  of  water  is  jjoured  over 
each  man ;  he  drinks  what  ho  can  of  it,  and  the  rest  falls  back  into 
the  holy  well.  Practically  each  pilgrim  drinks  of  the  washings  of 
the  rest,  and  when  among  the  pilgrims  thero  are  persons  snffering 
from  cholera,  there  need  be  no  surprise  at  finding  that  the  disease 
spreads  rapidly  among  them. 

In  IS&i,  within  a  few  days  of  the  ceremony,  the  road  leading  from 
Mecca  was  for  twelve  miles  thickly  strewn  with  dead  bodies.  Mecca 
thus,  in  cholera  yeare,  becomes  a  sort  of  cholfra  exchange,  an  em- 
porium from  which  cholera  is  dirttriljutoil  to  uther  portions  of  the 
world,  and  this  danger  is  vastly  aggravated  by  the  greater  rapidity 
of  communication  in  these  latter  days. 

WTien  by  weary  marches,  or  sailing  in  small  boats,  mouths,  nay 
sometimes  years,  were  ajjont  in  the  jouruey,  those  who  were  takeu  ill 
died  in  the  transit;  whole  caravans  molted  away  and  slii]is  with  chol- 
era-stricken crews  were  lost,  togetlier  witli  their  crowded  cargo  of 
holy  pilgrims,  and  thus  the  outer  world  was  saved.  But  with 
quicker  means  of  coramnnicatiou,  with  railway.s  and  steainlxiats,  pil- 
grims also  have  quickened  their  pace  aud  have  leugtliened  tlie  stages 
of  their  journey,  so  that  the  infected  ones  have  lived  through  hun- 
dreds instead  of  tens  of  miles  Ix-fore  they  drojijied,  and  Lave  tlius 
surmounted  the  barrier  of  desert  aud  sea  by  which  Europe  was  for- 
merly protected. 

No  longer  does  cholera  imss  rnuud  by  way  of  Russia  and  the  Cau- 
casus, haltiug  aud  starting  afresh  time  after  time.  At  one  bound  it 
is  at  Jidda]].  Mecca  liecomes  a  centre  of  infection  and  Red  Sea  ports 
distribute  the  disease  to  Egypt  and  the  south  of  Europe.  In  a 
double  sense  then  is  cholera  a  watei--borne  disease.  By  water  the 
infection  is  carried  to  the  mouth  of  its  victim,  and  also  by  water  is 
the  victim  carried  long  distances  liefore  he  dies,  so  that  the  disease 
is  able  to  traverse  great  seas  which  formerly  were  a  barrier  to  its 
progress. 

Malaria. 

The  qnestioD  whether  malaria  should  come  within  the  category  of 
water-borne  diseases  has  been  much  disputed.  Tlie  fact  that  iu  so 
many  cases  the  infection  is  obviously  carried  Viy  air  rising  as  an  ema- 
nation from  the  soil  in  malarious  districts,  and  sometimes  Ireing  car- 


362  HABT  AND  SMITH — WATEB-BORNE  DISEASES. 

ried  in  the  atmoepliere  for  considerable  distances,  has  tended  to 
obacure  the  water-carriage  of  the  disease.  Nevertheless,  its  etiology, 
its  association  with  a  parasite  which  infests  the  blood  corpuscles  and 
seems  to  have  as  an  ultimate  host  the  female  mosquito,  an  insect 
which  is  essentially  a  water  insect,  makes  it  extremely  probable  that 
water  is  larj^ely  engaged  in  its  diffusion. 

Malaria  is  generally  looked  upon  as  a  disease  of  the  soiL  "  The 
disease  is  particularly  common  in  low,  marshy  regions  which  have 
an  abundant  vegetable  growth.  Estuarifts,  batUy  drained  low-lying 
districts,  the  course  of  old  river  beds,  tracts  of  land  which  are  rich  in 
vegetable  matter,  and  particularly  districts  such  as  the  Boman 
Campagna,  which  have  been  allowed  to  fall  out  of  cultivation,  are 
favorite  localities  for  the  development  of  the  malarial  poison.  These 
conditions  are  most  frequently  found,  of  course,  in  tropical  and  sub- 
tropical regions,  but  it  must  not  be  overlooked  that  some  of  the  most 
malarious  districts  of  India  are  steep  mountain  slopes,  and  that  many 
others  both  in  India  and  elsewhere  are  equally  free  from  moisture 
of  the  soil.  Instances  are  common  in  which  districts,  previously 
healthy,  have  become  temporarily  or  permanently  malarious  without 
ap.parent  change  in  their  physical  conditions.  The  proof  of  the  close 
relation  between  malaria  and  the  soil  is  completed  by  the  fact  that 
malai'ious  soil  conveyed  in  boxes  to  healthy  districts  has  given  rise 
to  outbreaks  of  the  disease"  (Notter  and  Firth) . 

Admitting,  however,  that  the  infection  of  malaria  is  soil-bred,  the 
<luP8tion  is  whether  it  enters  man  by  way  of  the  air  he  breathes  or 
tlie  water  that  he  drinks.  In  regard  to  this  there  can  be  no  doubt 
that  it  can  enter  in  both  ways. 

It  has  long  boon  the  belief  of  tho.se  who  dwell  in  marshy  districts 
that  mai'sh  \vaf«r  can  jiroiluce  fever.  Parkes  found  this  belief  current 
among  tlie  iiihaliitaut.'i  of  the  highly  malarious  plains  of  Troj',  the 
villagers  saying  that  fever  prevailed  at  all  times  of  the  year  among 
tlioHO  who  drank  mai-sh  water,  but  only  during  the  late  summer  and 
autumnal  mouths  among  those  who  were  careful  to  obtain  pure  water. 
"  The  same  belief  is  prevalent  in  India.  In  the  Wynaad  district  in 
Madras  it  is  notorious  that  water  produces  fever  and  affections  of  the 
spleen.  Instances  are  known  where  villages  are  placed  under  the 
same  conditions  as  to  marsh  air,  yet  in  some  of  them  fevers  are  prev- 
alent, in  others  not;  the  only  difference  being  that  the  latter  are  sup- 
[ilied  with  pure  water,  the  former  with  marsh  or  nullah  water  full  of 
vegetable  del>ris.  In  one  ullage  there  were  two  souroes  of  supply— 
a  tjiuk  fed  by  surface  and  marsh  water,  and  a  spring ;  those  only  who 
drank  the  tank  water  got  fever.  In  a  village  (Tulliwaree)  no  one 
naed  to  escape  the  fever;  a  well  was  dug,  and  fever  disappeared,  and, 
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during  fourteen  years,  had  not  returned.  Another  \illage  (Tambatz) 
was  also  '  notoriously  unhealthy  ' ;  here  also  a  well  was  dug,  and  the 
inhabitants  became  healthy.  Nothing  can  well  be  stronger  than  the 
positive  and  negative  evidence  here  given.  Moore  also  noted  liis 
opinion  of  malarious  disease  being  thus  produced;  and  CommaiUe 
has  since  stated  that  in  Marseilles  paroxysmal  fevers,  formerly  un- 
known, have  made  their  appearance  since  the  supply  to  the  citj-  has 
been  taken  from  the  canal  of  Marseilles.  .  .  .  Tlie  Upper  Godavery 
tract  is  said  to  be  the  most  aguish  im  the  province,  yet  there  is  not 
an  acre  of  marshy  ground;  the  iieople  use  the  water  of  the  Godavery, 
which  drains  more  dense  forest  land  than  any  river  in  India"  {Kotter 
and  Firth). 

Cases  have  also  been  recorded  in  which  malaria  lias  appeared  on 
ships  at  sea  which  have  obtained  water  from  marshy  and  malarious 
sources.  Boudin  gives  the  following:  "One  hundred  and  twenty 
soldiers  embarked  iu  the  ti-au-sport  Ai-rjo  at  Bf>ua  in  Algeria  for  Mar- 
seilles. During  tlie  voyage  111  t)f  them,  13  of  whom  died,  suffered 
from  different  forms  of  malarial  fever.  Two  other  vessels,  carrying 
between  them  G80  soldiera,  also  from  Bona,  and  arriving  at  Mar- 
seilles the  same  day  us  the  Argo,  had  no  cas<^M  of  illnoss  at  all,  and 
the  only  ascertainable  dilfereuce  of  circumstances  l)etween  the  troojm 
in  these  ships  and  those  in  the  Anp  wan  the  dirtVreiife  of  drinking- 
water.  Tlie  latter  were  exceptionally  supplied  with  water,  which  was 
said  to  have  an  unpleasant  smell  and  taste,  from  a  marsh  near  Bona ; 
thf)se  on  the  other  ships  were  supplied  with  good  water.  Fiuall^v, 
the  nine  soldiers  on  the  Aryo  who  escaped  were  said  to  have  pur- 
chased wholesome  water  from  the  crew  of  that  vewsel." 

Hirsch,  however,  considers  that  there  is  no  iirool  nf  the  propaga- 
tion of  the  disease  by  means  of  driuking-wat«^r,  and  he  thinks  that 
the  cases  which  have  been  brought  forward  to  prove  it  do  not  bear 
the  construction  put  upon  them. 

W.  North  also  points  to  the  fact  that  "  the  healthiest  parts  of  the 
city  of  Rome  are  supplied  by  water  admitted  to  bo  the  best  iu  the 
world,  and  which  rises—to  take  the  Acqua  di  Trevi  or  Acqua  Vergine 
as  an  example — on  unenclosed  land,  in  8]>riugs  which  bubble  up  and 
cover  the  surface  in  a  locality  so  unhealthy  that  to  passsevei-al  niglit.s 
there  in  August  might  involve  risk  to  life,  certainly  to  health." 

It  is  also  a  matter  of  some  importance  to  ob«erve  that  notwith- 
standing the  great  improvements  which  have  taken  place  iu  the  char- 
acter of  the  water  supplied  to  the  seamen  in  our  royal  navy,  and 
especially  the  large  use  of  distilled  water,  uo  diminution  iu  the  pro- 
portion of  cases  of  malarial  fevers  seems  to  have  taken  place. 

The  discovery  of  the  malarial  parasite,  however,  and  the  many 
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facts  which  have  been  observed  in  regard  to  its  life  history,  all  point 
to  the  eouclusiou  that  at  least  one  of  the  ways  by  which  the  infection 
of  malaria  may  be  introduced  is  by  means  of  water ;  not  that  it  by 
any  means  follows  that  water  is  the  only  rente  by  which  it  gains 
access  to  man. 

Dr.  Patrick  Mansou,  who  has  devoted  a  great  deal  of  attention  to 
the  snbject,  believes  that,  as  is  the  case  with  so  many  other  parasites, 
that  of  malaria  dwells  in  different  hosts,  and  that  the  alternation  lies 
between  man  and  the  mosquito. 

Even  more  than  in  the  case  of  the  filaria  the  oulj  way  by  which 
the  parasite  can  escape  from  man's  body  is  in  the  blood,  for  the 
malaria  Plasmodium  has  its  home  actually  within  the  red  corpu-scles, 
and  there  is  every  reason  for  believing  that  the  agency  by  which  it  is 
removed  out  of  the  human  body  is  the  proboscis  of  the  mosqoito, 
which  creature  forms  its  other  host. 

The  history  of  the  parasite  within  the  blood  of  man  has  been 
fairly  worked  out  so  far  as  concerns  the  more  ordinary  benign  tertian 
forms  of  ague. 

The  occurrence  of  the  rigor  is  a.ssociated  with  the  sporing  stage 
of  the  parasitf,  which  becomes  segmented,  escapes  from  the  corpus- 
cle in  which  it  had  been  lying,  and  breaks  up  into  sjxires.  These 
attach  themselves  to  and  enter  other  blood  corpuscles,  in  which  they 
go  through  various  phases  of  development,  till  at  the  proper  period 
they  iu  turn  form  sixires  again,  and  the  whole  process  is  repeated. 
"Although  we  cannot  directly  watch  the  evolution  of  any  indiridual 
parasite,  we  avc  drivt^n  to  the  conclusion  that  one  form  passes  into 
the  other  iu  a  very  defiuite  way,  that  we  are  contemplating  the  birth, 
growth,  and  multiplication  of  an  organized  being,  conducted  on  a 
regular  and  ih^fiuite  plan.  We  conclude  that  the  large  pigmented 
iutracorpusc-ular  Inidy  is  the  mature  animal  prepared  for  8j>orulatiou, 
tliat  the  morula-like  mass  is  the  same  with  the  sponiles  formeii,  and 
tliat  the  sphorules  into  which  it  breaks  up  on  its  leaving  the  blood 
corpuscle  are  spores.  These  spores  on  becoming  free  attach  them- 
selves to  the  red  blood  corpuscles  and  begin  to  grow  at  the  expense 
'>f  the  h;['mn^,rloliin,  which  they  convert  into  their  projier  tissue  and 
into  tlie  liliick  pigment,  wliicli  must  be  regarded  as  a  sort  of  excre- 
meutitious  product  of  the  parasite's  digestion.  In  about  forty-eight 
iiourrt  they  liave  attained  their  maximum  growth  and  i)repare  for 
sporulation,  the  nucleus  and  nucleolus  becoming  diffused  through 
the  protopla-sm.  Presently  the  nucleolar  matter  collects  at  a  uumlier 
of  points  and  around  these  points  the  protoplasm  arranges  itself  in 
the  little  spherules,  forming  the  elemente  of  the  morula  mass,  each 
little  spherule  or  spore  being  the  rudiment  of  the  new  being  into 
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which  it  may  develop  on  the  bursting  up  of  the  morula  mass  at  the 
termiimtiou  of  the  cycle"  (Manson). 

Outside  the  body,  however,  quite  a  new  form  of  development  tixkes 
place,  and,  instead  of  repeating  again  the  same  cycle,  flagellate  spores 
are  formed. 

Two  questions  then  arise :  How  doen  the  parasite  pass  from  one 
man  to  another?  and  what  is  the  reason  for  the  development  of  these 
flagellate  spores  so  soon  as  the  organism  is  removed  from  its  former 
environmeut  within  the  blood-vessels? 

The  answer  to  these  questions  is,  according  to  Dr.  Manson,  to  be 
found  in  the  fact  that  the  alternate  host  of  the  parasite  is  the  mos- 
quito. Soon  after  the  blood  is  drawn  by  the  mosquito  the  parasites 
contained  in  the  corpuscles,  if  they  are  in  the  i)roper  stage,  the 
so-calletl  crescent  stage,  rapidly  undergo  change,  become  spherical, 
and  throw  out  flagellate  spores  which,  by  aid  of  their  power  of  active 
movement,  work  their  way  out  of  the  stomach  of  tlie  mostjuito  and 
find  for  themselves  a  home  in  the  tissnes  of  that  inspct,  where  again 
they  lie  dormant  until  its  death.  To  understand  what  may  liapjipu 
to  them  then  it  is  necessary  to  consider  a  little  chapter  in  the  life 
history  of  the  mosc^uito. 

"  The  female  mosquito  after  she  has  hllod  herself  with  blood — the 
male  insect  is  not  a  blood-sucker — seeks  out  some  dark  and  slieltered 
spot  near  stagnant  water.  At  the  end  of  about  six  days  slie  tpiits  her 
shelter  and  alighting  on  the  surface  of  the  water  dejio.sits  hor  eggs 
thereon.  She  then  dies,  and,  as  a  nile,  falls  into  the  water  idongside 
her  eggs.  The  eggs  float  about  for  a  time,  and  then  in  due  courae 
each  gives  birth  to  a  tiny  swimming  larva.  These  larva?,  in  virtue  of 
a  voracious  appetite,  grow  apace,  ciistiug  their  skins  several  times  to 
atlmit  of  growth.  Latter  they  pass  into  the  uym]»ha  stjige,  during 
which  time  they  float  on  the  surface  of  the  water.  Finally,  the  slieJl 
of  the  nympha  cracks  along  its  doi-sal  surface  and  a  young  mosquito 
emerges.  Standing,  as  on  a  raft,  on  the  enq>ty  pelt,  tlie  young  mfis- 
<inito  floats  on  the  surface  of  the  water  wliiie  its  wings  are  drying  and 
jwquiring  rigidity.  Wlien  this  is  comjilete  it  flies  away.  The  young 
mosquito  larvas,  to  satisfy'  their  prodigious  appetites,  devour  every- 
thing eatable  they  come  across;  and  one  of  the  first  things  they  eat, 
if  they  get  the  chance,  is  the  dead  body  of  their  parent,  now  soft  and 
sfidden  from  decomposition  and  long  immei-sion.  They  even  devour 
their  own  caat^off  skins.  In  examining  mosquito  larvro  one  often 
comes  across  specimens  whose  alimentary  canals  arc  stuffed  with  the 
scales,  fragments  of  limbs,  and  other  remains  of  the  parental  insect 
and  larval  jielts"  (Manson). 

It  is  clear  that  in  consequence  of  this  habit  of  devouring  the  in- 
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fected  bodies  of  their  parents  the  young  may  become  infected,  and 
thus  the  plasmodioiD  disease  may  pasa  from  generation  to  geueratiou 
of  mostjuito  independently  of  the  presence  of  man,  may  spread  from 
pool  to  pool,  and  become  scattered  broadcast  about  the  country,  in- 
fecting the  water  wherever  mosquitos  dwell,  and  thus  gaining  access 
to  the  body  of  man  when  he  drinks  the  infected  fluid. 

It  is  clear  also  that  the  parasite  undergoes  multiplication  within 
the  blood  of  man,  generation  after  generation  of  spores  being  cast  oat 
into  the  blood  stream  and  finding  a  nidus  for  further  development 
within  fresh  red  corpuscles. 

It  thus  appears  that  although  both  man  and  mosquito  become  the 
hosts  of  the  malaria  parasite,  they  are  not  both  uece.ssary  to  complete 
the  life  cycle  of  the  individual,  for  many  generations  may  be  pas*^ 
in  each  condition.  Whether,  however,  the  parasite  can  continue  to 
live  indefinitely  without  transference  from  one  host  to  the  other  is  a 
point  on  which  at  present  we  have  no  real  knowledge.  Probably 
sooner  or  later  such  transference  must  take  place. 

The  intracorpuseular  phase  is  so  peculiar  and  so  specialized  that 
it  is  impossible  to  look  upon  it  otherwise  than  as  a  normal  part  of  the 
life  cycle  of  the  parasite,  and  it  is  difficult  to  avoid  the  conclusion 
that  the  plasm(Hlium  is  primarily  a  parasite  of  the  bloud  cell,  whether 
of  man  or  of  other  animals,  and  that  the  cycle  of  its  life  (including 
iu  th;it  term  many  generations)  lies  between  the  mosciuilo  and  WockI 
of  those  animals  on  which  she  natundly  feeils;  the  phases  taking 
place  alternately,  within  the  corpuscle;  within  the  stomach  of  the 
mosquito;  within  its  tissues;  then  in  water;  and,  when  swallowed 
by  an  animal,  within  that  animal's  stomach;  and  then,  after  boring 
through  its  tissues,  within  the  corpuscle  again.  When  then  man 
iutnides*  into  a  malrtHous  district  he  may  breathe  air  charged  with 
germs  of  the  disease  arising  from  the  soil,  to  which  it  has  been  car- 
ried by  the  mosquito,  or  he  may  drink  water  infected  in  the  same 
way.  He  may  thus  become  attacked  by  malaria,  may  become 
cliarged  with  the  malarial  parasite,  and  may  in  turn  infect  those  mos- 
quitos  which  may  bite  him;  the  man  taking  the  place  of  some  ani- 
mal as  yet  unknown  as  the  host  of  the  Plasmodium.  If  such  views 
are  to  l>e  acce])ted  aa  correct,  there  can  be  no  doubt  as  to  the  pro- 
]iriety  of  classing  malaria  among  the  water-borne  diseases.  At  the 
Hame  time  it  must  lie  admitted  that,  aa  usually  met  with,  malaria  is  an 
air-bome  disi'iise  so  far  as  concerns  the  final  stage  of  the  introduction 
of  the  infection  into  man;  and  that  what  we  now  know  of  the  be^ 
hanor  of  typhoid  infection  in  tlie  presence  of  malaria  throws  consid- 
erable doubt  upon  the  purely  malarial  nature  of  some  of  the  casee 
relied  on  by  those  who  believe  the  latter  disease  to  be  water-borne. 
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Dtsenteby,  Diabrhcea,  and  Yellow  Fever. 

Certain  diseases  have  now  to  be  conBidered  in  regard  to  wliich, 
however  coufident  one  may  feel  that  in  certain  cases  tliey  are  distrib- 
uted by  means  of  water,  the  proof  of  such  a  method  of  conveyance  is 
difficult  to  obtiiin.  In  this  category  may  be  i)laced  yellow  fever, 
dysentery,  and  many  forma  of  diarrhoea.  These  diseases  are  not 
generally  looked  uiion  aa  directly  infectious  from  man  to  mau,  yet 
they  are  apt  to  occur  in  epidemics  under  such  circumstances  as  to 
make  it  evident  that  the  discharges  from  those  who  suffer  from  them 
do  play  some  i>art  in  their  propagation.  Tliey  are,  in  fact,  infective 
diseases  the  specific  virus  of  which  passes  some  portion  of  its  life  out- 
side the  botly ;  and,  although  the  exact  route  by  which,  in  the  case  of 
most  of  them,  the  infection  enters  man  is  as  yet  unknown,  it  seems 
almost  certain  that  one  way  at  least  is  by  drinking  water. 

The  word  dysentery  is  often  used  in  a  somewhat  vague  way  to 
describe  various  ailmeuta  which  are  characterized  by  the  occurrence 
of  frecjuent  stools  with  straining,  griping,  and  discharge  of  blood  and 
mucus.  It  occurs  in  many  forms,  some  of  which,  no  doubt,  are  but 
aggravated  cases  of  infliimmatory  diarrhoea,  caused  perhaps  by  drink- 
ing water  containing  decomposing  organic  matter.  Eeal  tropical 
ilysentery,  however,  is  a  specific  disease,  arising  from  infection  by  a 
B[)ecific  organism,  and  is  undoubtedly  wat(ir-borne. 

The  amivfxt  coU,  as  it  is  described  by  some,  or  the  amceha  ch/aeii- 
ferite,  as  it  is  called  by  otliera,  is  found  not  only  in  the  stools  and  the 
intestines,  but  also  in  the  abscesses  which  are  such  frecjuent  sequelte 
of  this  disease. 

In  mauy  hot  countries  dysentery  is  more  or  less  endemic,  both 
sporatlic  cases  and  epidemics  occurring  at  all  times  of  the  year,  but 
most  frequeutlj-  in  the  summer  and  the  autuiim.  In  more  temperate 
climates,  although  sporadic  cases  are  met  with  in  the  hot  months,  it  is 
chiefly  known  as  an  epidemic  disease  occuiTiug  in  connection  with 
overcrowtliug,  insauitation,  and  impure  water. 

When  many  jjeople  are  crowded  together  under  conditions  of  im- 
perfect sanitation,  whetlier  in  the  tropics  or  in  temperate  climates, 
the  disease  is  very  apt  to  take  on  the  epidemic  form,  and  thus  it  has 
many  times  happened  that  dysentery  has  been  more  fatal  to  armies 
in  the  field  than  all  the  battles  put  together. 

Dysentery  is  not  directly  contagious  from  person  to  person. 
Nevertheless,  it  is  a  definitely  infective  disease,  the  infection  lying  in 
the  discharges  and  gaining  access  to  man  l\v  rea.son  of  the  soil  or  the 
drinking-water  becoming  pollutBd.  It  may  thus  be  looked  upon  as 
analogooa  in  its  mode  of  distribution  to  cholera  or  typhoid  fever. 
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In  the  preventive  treatment  of  dysentery,  as  indeed  of  cholera  and 
other  diseases  of  the  same  type,  it  is  important  not  to  confine  tie 
att«>ntion  solely  to  the  means  of  securing  from  infection  that  prime 
commodity — water. 

The  predisposing  causes  of  the  disease  most  be  considered  be- 
sides the  actual  infection  by  which  it  is  set  up,  and  among  tbe«<- 
must  be  noted  all  causes  of  indigestion,  and  of  what  would  in  ordi- 
nary times  and  seasons  be  spoken  of  as  diarrhoea :  the  eating  of  nn- 
ripp  or  overrijio  fruit;  the  drinking  of  spirita,  especially  in  view  of 
the  fact  that  this  practice  usually  involves  also  the  drinking  of  more 
or  less  impure  water;  excessive  exertion;  and  exposure  to  chills.  All 
these  have  the  effect  of  inducing  a  condition  of  the  intestine  which, 
without  having  any  direct  connection  mtli  the  infection,  leaves  them 
open  to  its  attacks.  If  one  would  prevent  the  disease  such  predis- 
posing causes  must  be  most  carefully  guarded  against.  The  dira-t 
cause  of  the  malady,  however,  is  infection  by  a  living  germ  which  is 
somehow  or  other  carried  from  a  preceding  case,  and  this  germ,  al- 
though gaining  access  in  various  ways,  is  no  doubt  usually  carried  by 
water. 

Under  the  heading  Diarrhcea  are  classed  a  number  of  conditions 
about  the  nature  and  Cannes  of  which  we  possess  very  little  exact 
knowledge.  Very  often  these  are,  no  doubt,  mere  cases  of  poison- 
ing by  toxic  [iTodncts  arising  either  from  the  drinking-water  or  the 
soil  from  wliich  it  flows  Iwing  charged  with  decomi>osing  matter. 

It  is  quite  possible  that  in  some  cases  diarrhoea  may  be  the  reanlt 
of  im  actual  infection  by  lidng  micro-oq^anisras,  but  even  where  this 
is  tiie  case  the  disease  is  not  pjissed  directly  from  patient  to  patient 
It  returns  again  to  the  soil,  and  only  as  the  combined  result  of 
iiisjuiitiiry  conditions  and  of  such  surroundings,  as  to  moisture  and 
teiiipf^riiture,  as  are  suit^nl  to  the  growth  of  its  virus  can  the  disease 
become  epidemic.  As  an  instance  of  this  we  may  take  ordinarr 
sninmer  diarrlitea,  which  in  certjiin  parts  of  England  carries  off  many 
childrou  every  >ear.  Wliatever  tlie  micro-organism  involved  in  the 
causation  of  tliis  diseiise,  it  has  been  shown  by  the  late  Dr.  Ballanl 
that  [)rol()ut^pd  heat,  a  heat  that  shall  penetrate  far  into  the  soil,  is 
necessary  for  the  proiluction  of  its  evil  conse(]uence8. 

\Vliat  is  the  exact  mode  by  which  the  infection  is  introduced  into 
fill'  Immau  body  is  as  yet  unknown,  but  it  is  difficult  not  to  believe 
thiit  water  is  largely  involved,  although  it  lany  not  be  the  only  means 
by  which  it  is  conveyed. 

Yellrnv  fever  is  an  acute  febrile  disease  of  tropical  and  sub-tropical 
caIllltri(^s.  Its  disti'ibutiou  as  an  endemic  malady  is  peculiarly  lim- 
ited.    Its  infection  can  be  carried  long  distances,  and  is  quitecapsble 
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of  taking  root  in  uuaccnstomed  soil  so  long  as  a  suitable  temperature, 
which  must  not  be  less  than  70°  F.,  is  maintained,  bnt  not  other- 
wise. It  is  alwaj's  most  fatal  in  the  warm  season,  and  it  is  stated 
that  the  occurrence  of  a  sufficiently  low  temperature  to  freeze  the 
ground  at  once  puts  a  stop  to  an  outbreak  of  the  disease.  Its  epi- 
demic prevalence  depends  greatlj'  upon  the  existence  of  insanitary 
conditions,  it  occurs  almost  exclusively  in  the  crowded  parts  of  towns, 
and  especially  of  those  having  a  maritime  trade,  and  not  only  does 
the  infec'tiou  seem  to  cling  to  clothing  but  also  attaches  itself  with 
great  tenacity  to  ships.  In  view,  theu,  of  the  fact  that  the  spread  of 
this  disease  is  so  peculiarly  limited  by  external  conditions,  we  may 
feel  certain  that  some  intermediate,  external,  saprophytic  stage  of 
existence  is  essential  to  the  due  propagation  of  its  virus,  and,  as  is 
the  case  with  all  diseases  the  infective  germs  of  which  grow  outside 
the  body,  that  water  is  one  at  least  of  the  vehicles  by  which  they 
gain  access  to  the  patient. 

In  regard  to  yellow  fever,  as  also  in  regard  to  dysentery  and  the 
various  forma  of  diarrba?a  which  may  be  looked  upon  as  sppcific,  this 
ix)int  is  to  be  noted — that  each  seems  to  prevail  most  amid  certain 
external  surroundings,  and  that  so  far  as  these  diseases  are  infectious 
from  man  t<i  man  these  external  conditioas  are  of  more  importiiuce 
than  direct  transmission  of  the  virus  from  patient  to  imtieut.  It  is 
also  we!!  to  note  that  the  prevalence  of  each  and  all  of  tliein  seems  to 
he  specially  linked  with  the  existence  of  genera!  iusanitation,  in 
which  term  is  included  laxity  in  the  means  taken  to  jirotect  water 
supplies  from  pollution,  and  that,  although  in  diaiTha?a  and  yellow 
fever  we  have  not  the  same  ]iroof  of  water  carriage  tliat  we  have  in 
reference  to  dysentery,  there  can  Iw  l)ut  little  doubt  that  in  many 
instances  they  are  all  water-borne  diseases. 

PREVENTIVE  MEASURES. 

The  prevention  of  water-borne  disease  is  to  a  large  extent  a  mat- 
ter for  the  engineer.  It  ma.v  be  well,  liowcver,  to  eui]iliiiHizo  a  few 
biological  points  which  have  come  to  the  front  during  recent  \ears, 
points  which  must  l>e  reckoned  with  by  those  who  are  engaged  in  the 
provision  of  safe  drinking-water. 

It  will  have  been  seen  from  the  whole  tenor  of  what  we  liave 
written  how  thoroughly  we  look  upon  tiie  subject  of  wfiter-lmrne  dis- 
ease as  a  problem  in  liiolog.v,  and  we  would  wish  to  emphasize  in  the 
strongest  way  that  what  is  wanted  in  a  healthy  water  supply  is  not 
a  chemirall.v  pure  water,  nor  a  baeteriologicnlly  sterile  wnter,  but  a 
water  sucli  as  the  human  race  lias  useti  during  it«  long  period  of 
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eTolution,  and  one  free  from  thoee  patliogenio  organismB  which  prey 
apon  man,  and,  by  the  diseases  they  produce  in  him,  tend  to  check 
hia  further  progress. 

The  great  mass  of  the  diseases  which  are  water-borne  depend  on 
the  presence  of  living  disease  germs  in  the  water,  and  it  is  a  simple 
and  easy  suggeatiou  to  kill  all  such  germs  by  heat.  We  have  advo- 
cated what  we  have  called  the  "  policy  of  the  tea-kettle,"  and  we  hold 
that  in  the  presence  of  au  infected  water  supply  sterilization  by  boil- 
ing is  the  most  effectual  domestic  means  at  our  disposal  for  protec- 
tion against  disease.  But  in  regard  to  all  processes  for  the  produc- 
tion of  sterile  water,  water  which  is  devoid  not  only  of  pathogenic 
orgauisms  but  of  organisms  of  all  sorts,  it  must  be  remembered  that 
such  a  fluid  is  often  extremely  well  fitted  for  the  growth  of  disease 
germs,  and  that  if  exposed  to  infection  pathogenio  organisms  will 
often  develop  in  it  far  more  readily  than  in  water  which  contains  its 
due  supply  of  those  "  water  organisms"  which  seem  to  be  the  natural 
provision  for  maiutaining  the  purity  of  water.  The  result  is  that  in 
all  caaes  in  \v  hich  the  processes  used  for  the  purification  of  water  end 
in  the  production  of  a  sterile  water,  the  greatest  care  must  be  taken 
to  protect  it  from  further  contamination  before  it  is  used.  In  tlje 
fiwe  of  ])ubIio  water  supplies  the  engineering  and  administrative  de- 
tails of  which  are  properly  carried  out,  especially  where  the  source 
of  the  8U|>ply  is  fjir  removed  from  chances  of  infection  and  the  water 
after  leiivi  iig  the  filter  beds  is  protected  by  being  distributed  under 
pressure,  safety  is  generally  secured.  "Where,  however,  an  attempt 
is  made  to  purify  water  by  heat  on  the  large  scale — where  water  is 
lioilt'd  in  large  (piautity,  and  has  to  be  cooled  while  surrounded  with 
jxissilile  aom-ces  of  infection,  it  is  often  very  difficult  to  protect  the 
ImiU'd  water  from  ifollution.  Its  natural  protection  is  removed,  and 
if  iloiilt  with  in  bulk  the  water  must  remain  for  a  considerable  time, 
duriijg  the  process  of  cooling,  at  a  temperature  peculiarly  fitted  for 
tliii  grcrwth  of  pathogeuic  organisms  should  they  gain  access  to  it 
The  result  is  that  while  our  recommendation  of  the  tea-kettle  re- 
maiua  i^ocii},  aud  probably  always  will  remain  good,  as  a  means  of 
purifv  iug  watw  on  the  small  scale,  it  must  not  be  argued  therefrom 
tii.it  the  Ht<'rili/iiti(iu  of  water  on  the  large  scale  by  great  boilers,  or 
even  by  distilliitiou,  will  always  lie  equally  successful  unless  very 
couistimt  care  be  taken  to  protect  the  product  during  the  time  of  cool- 
iuK  and  of  storage. 

The  puritication  of  watwr  on  the  large  scale  is  asnally  effected  by 
meajis  of  sedimentation,  filtration,  and,  in  the  case  of  some  hard 
waters,  b>-  various  modifications  of  Clark's  lime  process  for  remov- 
ing temporary  hardness. 
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Sedimentatioii  in  tan^  is  probably  almost  exclasivelj  mecbauioal 
or  physical  in  its  mode  of  action;  but  the  gradual  puriticatiuM  which 
takes  place  in  a  ilowing  stream  so  far  as  patliogeuio  micruHjrganismB 
are  concerned,  although  partly  the  result  of  sedimentation,  is  no 
doubt  also  to  a  large  extent  the  outcome  of  the  action  of  those  water 
organisms  which,  whether  or  not  it  be  from  a  "  struggle  for  existence," 
do,  as  a  fact,  ultimately  develop  in  flowing  water  to  the  exclusion  of 
exotic  pathogenic  bacteria. 

Many  most  iDteresting  investigations  on  this  subject  have  been 
made  by  Dr.  Percy  F.  Fraiikland.  Among  other  things  he  ha.s  ascer- 
tained that  BO  far  from  it  being  possible  to  lay  down  auy  rule  an  to 
the  number  of  bacteria  which  are  permissible  in  a  potable  wuter,  it 
may  sometimes  occur  that  there  ia  safety  iu  the  presence  of  a  largo 
number  of  them.  He  introduced  typhoid  bacilli  into  deep  well  water, 
which  wjis  almost  wholly  fi-ee  from  bacteria,  into  ThaiucH  water 
which  contaiued  a  large  number,  and  iuto  Lnch  Eati'iuo  water  in 
wliich  the  nuuil>er  was  intermediate  between  the  two;  and  as  a  result 
he  found  that  the  typhoid  bacilli  died  off  more  rapidly  iu  the  Thames 
than  in  the  Loch  Katrine  water,  while  tliey  jierwisted  longest  iu  the 
B[(arsely  jxipulated  deep  well  water.  Thus  the  lougevity  of  those 
pathogenic  bacteria  was  iuvei-sely  proportiimal  to  the  bact<'rial  popu- 
lation of  the  wators  into  which  tlic}'  were  introduced. 

Filtration  used  to  bo  looked  ujum  as  a  merely  meclmnii'id  iirocess. 
Tiien,  when  it  was  observed  hnw  different  was  the  choniicul  cnni|Hisi- 
tion  of  the  effluent  compared  with  the  unfiUered  water,  and  how 
largely  the  nitrot;euou3  coustitucnts  of  the  water  Viecaine  oxidized  in 
the  process,  it  was  thouylit  tinit  the  activity  of  the  filteriug  uu'dium 
was  due  to  some  power  possessed  by  it  of  cundeusiug  oxygeu  in  its 
I>ores  and  thus  presentiug  it  iu  an  easily  assimilable  form  to  the 
oxidizable  material  contained  in  the  water.  Some  years  ago,  Imw- 
ever,  it  was  shown  by  Professor  Koch  tliat  the  efficacy  of  a  sand  filter 
depended  more  upon  the  layer  of  slime  isliicli  ftirincd  f)n  tlio  surface 
than  on  any  action  withiu  the  layer  of  sand  itself,  and  it  is  now  gen- 
erally recognized  that  the  efficiency  of  a  sand  filter  dejieuda  ti>  a  large 
extent  on  the  presence  of  its  layer  of  bacterial  slime  and  upon  tiie 
care  which  is  taken  to  preserve  its  coutiuiiity  uulirukeu.  Keccnt 
observations,  however,  have  tended  to  show  that  even  the  deejier 
portions  of  a  sand  filter  possess  considerable  power  in  the  purifica- 
tion of  water,  and  everything  goes  to  show  that  the  mnre  jn'.nly  we 
approach  to  those  natural  processes  by  which  spring  water  obtains 
its  purity  the  better  results  do  \ve  obhiin. 

Tlie  filtering  area  should  lie  large  and  its  surface  shejuld  be 
covered  by  living  vegetable  matter  which  should  not  be  disturbed; 
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and  after  penneatiDg  this  layer  the  water  should  undergo  a  slow 
process  of  filtration  through  a  very  considerable  thickness  of  filterinjf 
medium.  If  it  is  once  recognized  that  the  process  is  a  \'itjd  one,  and 
that  in  its  course  a  process  analogous  to  fermentation  has  to  take 
place,  by  which  decomposable  material  becomes  oxidized,  the  neces- 
sity for  slowness  of  filtration  becomes  apparent;  and  when  it  is  sera 
that  the  removal  of  pathogenic  and  other  organisms  is  not  a  matter  of 
mere  mechanical  separation,  but  of  their  substitution  and  destruction, 
one  may  almost  say  their  digestion,  by  those  organisms  which  exist 
in  and  ujion  the  surface  of  the  filter,  it  becomes  obvious  how  neces- 
sary it  is  that  the  area  ixsed  shall  be  large  and  the  thickness  of  tlie 
Ived  considerable. 

As  is  well  known,  the  temporarj-  liardness  of  water,  which  is  due 
to  calcium  carbouate  l}eiug  dissolved  in  an  excess  of  carbon  dioxide, 
can  be  removed  by  atlding  to  the  water  such  an  amount  of  calcium 
hydrate  as  will  combine  with  the  free  carbon  dioxide,  the  result 
being  that  all  the  lime  salt,  lieiug  deprived  of  its  solvent,  falls  to  tbe 
bottom  of  the  tank  as  a  fine  white  sediment.  It  has  been  found  that 
this  process,  besides  removing  the  temjiorary  hardness  of  the  water, 
helps  also  to  a  remarkable  degree  iu  removing  the  suspended  matter, 
iufludiug  tho  bactt^ria,  which  may  be  present  in  it  at  the  time.  It 
dnis  not  appear  likely  that  any  such  process  as  this  could  ever  be 
trusted  to  reudor  an  impure  water  fit  to  drink,  but  its  adoption  where 
it  is  availabli"  fortiioly  very  much  lessens  the  work  thrown  upon  the 
filters.  It  is  in  fact  a  sort  of  assisted  sedimentation,  the  hearier 
piutioles  of  lime  can'ying  down  with  them  the  lighter  particles  of 

l>lnti)[)lu.sm. 

There  can  be  no  doubt  that  every  community  should  endeavor  to 
gi4  its  drinking-water  from  the  purest  source  available.  Human 
ajiiiliani'es  are  fallible,  and  even  at  the  best  are  apt  to  break  down 
frnni  unforeseen  and  often  unpreveutable  causes ;  hence,  wherever  it 
is  piissible,  it  is  worth  while  to  go  to  much  trouble  to  obtain  so  im- 
fiortaut  an  article  as  pure  water  from  an  unpolluted  gathering  ground. 
This,  however,  is  not  always  possible,  and  in  such  ease,  where,  as  a 
(Ivnikr  rcimrt.  people  are  driven  to  the  xwe  of  water  which  has  been 
exjiosed  to  clnmces  of  infection,  they  may  at  least  have  the  satisfac- 
tion of  knowing  that  good  jiotable  water  can  be  manufactured  for 
tlifir  usn  In  tlif  aid  of  sedimentation  and  sand-filtration.  It  must 
never  be  forgotten,  however,  tliat  tiiis  is  a  process  which  requires  a 
large  outta\-  both  in  works  and  in  management — a  far  larger  outlay 
than  many  will  admit.  The  safety  of  the  process  dejiends  not  only 
on  having  -a  very  considerable  filtering  area,  and  upon  this  beinc  so 
arranged  that  any  section  can  be  used  (juite  independently  of  the 
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rest,  but  npon  sach  a  careful  and  constant  bacteriological  inspectioQ 
of  the  filters  as  shall  insure  tlieir  coBtinuous  eflficiency ;  uU  of  which 
costs  money.  Pure  water,  however,  is  worth  much,  and  communi- 
ties may  consider  themselves  well  repaid  for  their  outlay  if  they  tind 
themselves  thereby  protected  from  attacks  by  water-borne  diseases. 

CONCLUSIONS. 

To  sum  np  then  our  preseut  knowledge  on  the  subject  of  water- 
borne  disease,  it  may  be  said  that: 

1.  Entirely  irrespective  of  any  infection  by  "  disease  germs" 
water  containing  decomjHjsablo  material,  or  flowing  utt'  laud  coutaiu- 
ing  organic  matter  in  a  sUite  of  change,  may  produce  disease — com- 
monly in  the  form  of  diarrhoea. 

2.  Such  water,  however,  may  alst)  produce  disease,  in  a  second- 
ary manner,  by  the  products  of  dfuomposition,  although  harmless 
themselves,  rendering  other  poisonous  sulistauces  soluble,  as  in  the 
case  of  peaty  water  dissolving  lead. 

3.  Water  may  be  necessary  for  the  due  awumplishmeut  of  cer- 
tain acts  or  phases  in  the  life  history  of  certain  paruMitt'H,  as,  for  ex- 
ample, the  sporiug  stage  of  cert<aiii  eutozoa,  and  the  cyclops  stage  of 
the  filaria.  In  some  of  these  cases  wat^^r  may  also  form  the  vehicle 
by  which  the  parasite  is  cari-ied  back  to  man ;  but  in  others,  essential 
as  water  may  be  to  one  or  other  stage  in  the  life  cycle  of  the  parasite, 
it  may  not  be  the  means  by  which  this  is  tiually  brought  back  again 
to  its  new  host. 

4.  Water  may  be  necessary  for  the  sapro])hytic  stage  of  growth 
undergone  by  certain  pathogenic  luicro-organisms  outside  the  liumau 
body,  as,  for  example,  in  the  case  of  cholera,  typhoid  fever,  and  many 
forms  of  dysentery  and  diaiTlKca,  and  for  tlio  alt<^niate  jiliasesof  such 
])athogenic  organisms  as  the  inalaria  parasite,  which  jyroliably  is  but 
a  type  of  many  forms  as  yet  undiscovered. 

5.  Water  may  not  only  he  the  medium  in  which  tlie  pathogenic 
organisms  grow,  but  may  lie  the  vehicle  by  which  they  are  distrib- 
uted. Of  this  typhoid  fever  and  cholera  are  the  standing  examples, 
and  in  re^jard  to  the.se  it  may  1hi  said  that  every  step  has  been  traced 
out;  but  there  can  Ije  little  doubt  that  in  the  <listril)nti(>n  of  nuoiy 
other  diseases  water  plays  a  more  or  h^ss  prominent  part,  sonietinics 
carrying  the  infection  direct  to  the  driuker,  sometimes  tnmsjiortiug 
it  from  the  invalid  to  places  fitted  for  its  externid  growth,  and  iu  very 
many  cases  serving  as  the  actual  material  in  which  such  growth  takes 
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INCUBATION  AND  INFECTIOUSNESS 
IN  ACUTE  SPECIFIC  DISEASES. 


Incubation  period  is  the  term  applied  to  the  time  which  elapses 
between  the  establishment  of  a  coniuyiiim  vivum  in  the  body  and  the 
onset  of  the  eharacteri-stic  8ym](toms.  Tlie  t^rm  is,  of  course,  older 
than  bHcteriology,  for  the  yerm  theory  of  disease,  which  assumed 
that  the  introduction  of  a  minute  (juantity  of  the  liviuy  infective  agent 
into  the  body  was  followed  by  its  multiplication  in  the  bk'iod  or  in 
the  tissues,  led  necessarily  to  the  presumjitiou  that  a  certain  period 
of  time  must  jiass  during  which  the  liviug  infective  ageut,  though 
multiplying  in  the  body,  was  not  yet  present  in  numbers  sufficicut  to 
produce  obvious  symptoms.  It  nnght  have  been  sujiposed,  however, 
that  this  period  would  not  have  had  a  well-defiued  termiuatiou,  but 
that  tbe  transition  from  apparent  health  to  the  developed  tlisease 
would  be  gradual,  and  would  correspond  to  a  gradual  iucrease  in  the 
numbers  of  the  living  infective  agent. 

Still  confining  our  attention  to  a  theoretical  consideration  of  the 
multiplication  of  the  infective  agent,  it  will  become  apparent  that 
though  it  might  be  expected  that  the  development  of  symptoms  would 
be  gradual,  yet  as  time  went  on  the  severity'  of  tlie  sym]>toms  would, 
it  might  be  anticipated,  iucrease  with  progressive  rapidity.     Suiipose, 
for  the  sake  of  argument,  that  n  microbes  were  introduced  into  the 
body,  and  that  each  was  capalile  of  <lividiug  into  two  thrice  in  twenty - 
four  hours,  and  that  none  were  destroyed,  then  at  tlie  cud  of  tlie  third 
day  tliere  would  be  n  X  SOO  microbes  jireseut,  but  at  the  end  of  the 
fourth  day  there  would  be  v  X  4,tKX).     It  might  vpiy  well  be  that  the 
symptoms   produced  by  /i  X  5()0  microbes  Moidd  be  so  slight  as  to 
escape  observation,  whereas  those  proilueed  by  )/  X  4,000  would  be 
very  well  marked.     The  disejise  would  then  scciu  to  coute  on  suddenly 
during  the  fourth  day.     M;ix  Neisser'  has  recently  made  some  cal- 
culations as  to  the  rate  of  the  mnlti]>licaHou  of  the  diphtheria  bacilli 
•vrhich  are  interesting  in  tliis  connection.     He  found  that  one  million 
aad  a  half  of  these  microbes  inoculated  into  serum  became  in  the 
course  of  six  hours  sixty  millions,  in  nine  houra  live  himdred  mil- 
lions, and  in  twenty-four  hours  eleven  huuibed  millions.     The  rate  of 
iocrease  between  six  and  nine  Lours  was  thus  extraordinarily  rapid. 
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In  broth  the  multiplication  was  mach  less  rapid — one  million  and  s 
half  became  one  hundred  and  twenty  millions  in  twenty-four  hours. 
It  is  not,  of  course,  for  a  moment  suggested  that  Neisser's  experiments 
represent  the  rate  of  growth  on  the  surface  of  mucous  membrane,  bot 
they  illustrate  the  fact  that  it  increases  with  a  rapidity  which  is 
progressive,  although  the  progression  is  not  mathematically  regnlur. 
StiU  it  throws  light  on  the  processes  which  are  taking  place  daring 
the  period  of  incubation,  in  the  case  of  certain  infections  at  least, 
though  the  course  of  events  is  more  or  less  profoundly  influenced  by 
other  factors  to  be  considered  immediately.  A  case  of  diphtheria  <^ 
the  skin  recorded  by  Max  Flesch*  is  of  great  interest  from  this  as  well 
as  from  some  other  points  of  view.  There  is  good  reason  to  believe 
that  the  infection  was  carried  to  the  spot  which  afterward  became  the 
seat  of  the  diphtherial  membrane,  on  August  10th  at  11  A.M.  No  sign 
of  any  membrane  was  observed  fifty-six  hours  later,  but  the  next  morn- 
ing there  was  a  well-marked  patch  of  membrane. 

G.  H ,  a  girl,  aged  2^^  years,  was  scalded  over  the  right  side 

of  the  face  and  the  front  of  the  neck  and  trunk,  on  August  3a,  18%i. 
The  scald  was  more  severe  over  the  chest  and  abdomen  than  over  the 
neck  and  face.  The  child  came  under  treatment  one  and  one-half 
hours  after  the  accident,  and  before  any  domestic  remedies  had  been 
applied.  The  scalded  surface  was  treated  with  Lassar's  salicyl  vase- 
line (two  i)er  cent.),  and  covered  with  cottonwool  retained  by  a 
bandaj^e.  Tlie  dressing  was  renewed  daily.  On  the  second  and 
tliird  days  tliore  was  slight  fever,  the  highest  temperature  being  39. G 
C.  (1015 '  F.)  on  the  third  day.  Fever  then  di8aiJi)eare<l  and  the  child 
folt  well.  On  August  lOtb  the  8U|)erfic'iiil  scald  of  the  face  and  uet'k 
was  C()v»>re(l  with  young  epidermis,  and  the  dressings  were  not  reajv 
plied  to  this  i>nA;  whereupon  the  mother  exclaimed,  "Imustkias 
licr  Hwoet  little  neck,"  and  before  Flosch — who,  as  he  says,  object**! 
on  principle,  and  not  l)ecause  he  had  any  thought  of  infection — could 
inteiforc^,  she  did  so.  On  the  following  day,  August  11th,  in  the 
morning,  the  niotlier  complained  of  sore  throat,  and  was  found  to 
hav<i  iinniiijv  of  lx)th  sides,  with  a  small  deposit  on  the  left  tonsil, 
appiin'utly  folHc-uhir  angina.  She  was  told  to  keej)  away  from  the 
child,  and  in  tht>  evening  the  deposit  on  the  tonsil  had  enlarge<l,  so 
that  tlie  diagnosis  of  dijihtheria  l)ecame  probable.  This  suspicion 
wjis  confirnK'd  on  August  12th,  when  the  mother's  sister,  who  ha<l 
tak(M)  chiirgo  of  tht*  child,  In^gan  to  suffer  from  a  similar  affection  of 
the  throat.  Tho  father  also  had  a  sore  throat,  but  without  mem- 
brane. The  mother  had  a  severe  attack,  and  the  disease  was  typical 
also  in  her  8ist<>r.  Both  women  were  treated  by  injections  of  anti- 
toxic serum;  lH)th  had  hemorrhagic  nephritis,  but  both  recoveretl. 
The  father  sulwecjuently  had  a  small  patch  on  the  left  tonsil.  The 
child  hml  no  affe<'tion  of  the  throat,  but  on  August  13th,  when 
brought  to  be  dressed  in  the  morning,  a  very  notable  change  was 
observed  in  the  part  of  the  original  scald  which  had  been  healed  on 
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Augost  10th.  Over  an  area  about  one  inch  and  a  half  in  diameter  on 
the  neck,  just  above  the  right  clavicle,  the  skin  was  white  and  swollen; 
around  this  area  the  skin  was  uedeniatous,  and  the  oatlema  spread  so 
rapidly  that  by  the  evening  the  right  eye  was  closed.  The  white 
area  was  sharply  circumscriljed.  Remembering  the  history  of  the 
kisB,  Flesch  was  disposed  to  make  the  diagnosis  of  dijilitheria  of  the 
skin;  and  Dr.  Benario,  on  making  bacteriological  cultivations, 
obtained  on  agar  culture  medium  "typical,  very  strongly  growing 
colonies  of  the  diphtheria  bacillus."  The  child  was  treated  with  the 
antitoxic  serum,  of  which  it  received  two  injections,  and  the  .saliciu 
vaseline  was  reapplied.  By  August  Itith  the  oedema  had  dinappcarod 
and  the  white  patch  was  replaced  by  a  granulating  surface.  The 
general  condition  of  the  child  was  good,  and  the  throat  remained 
quite  unaffected.  Some  time  later,  however,  it  suffered  from  a  slight 
but  distinct  and  characteristic  pandysis  of  the  palate.  There  wius 
not  at  auy  time  any  fever  or  alteration  iu  the  frc(]uency  of  the  imlse. 
The  urine  could  not  be  obtained  for  examination.  Fever,  Flesch  ol>- 
serA'es,  is  sometimes  absent  even  iu  dipiitheria  of  the  throat.  How  the 
mother  contracted  diphtheria  was  doubtful.  Tliti  liouwe  was  well  built 
and  the  rooms  were  well  ventilated,  but  the  mother  iu  her  att^'udant'o 
on  the  child  during  the  uight  was  exposed  to  clnlls,  which  may  have 
predisposed  her  to  contract  dijihtheria  on  a  slight  ex]Kisure.  It  was 
remjurkable  that  the  diphtherial  jirocess  iu  the  child  was  limited  to 
the  part  of  the  scalded  surface  which  had  become  covered  with  new 
epithelium  and  did  not  extend  to  the  granulating  surface  lielow,  which 
was  covered  with  serous  discharge.  The  diphtheruil  i)roccss  began 
apparently  at  or  near  the  spot  kissed,  and  was  limited  to  its  neigh- 
borhood. 

In  this  case  the  infection  by  the  kiss  took  ])lace  about  11  .\.M.  on 
August  10th,  and  the  diphtheria  must  have  commenced  between  7  p.m. 
on  August  12th  and  the  morning  of  August  13th ;  that  is  to  say,  tifty- 
six  to  seventy-two  hours  after  infection. 

The  general  symptoms  of  diphtheria  are  due  not  to  tlie  presence 
of  the  bacilli  in  the  tissues — for,  at  first  and  in  the  main  throughout, 
they  are  confined  to  the  site  of  the  local  lesion — but  to  the  circulation 
of  soluble  toxins  or  of  the  products  of  their  action  on  the  fluids  and 
tissues  of  the  body.'  It  may  safely  be  assumed  that  the  amount  of 
poisonous  material  is  at  first  small,  and  that  it  is  constantly  being 
eliminated  or  destroyed.  It  is  only  when  the  amount  of  poisonous 
matter  in  circulation  has  risen  above  a  certain  proportion  that  it 
could  be  expected  to  produce  symjitoms.  Analogous  cmiHiderations 
apply  midaUs  vuiiatidin  to  the  majority  of  acute  infectious  diseases. 

Further,  after  the  infectious  process  hits  reached  a  certjiiu  stage  of 
development,  after  it  has  jirodueed  fever  or  other  pronounced  s.xnip- 
toms,  not  only  is  ])roduction  increa.sed,  but  destruction  and  elimina- 
tion are  diminished,  and  there  is  therefore  an  actual  accumulatiim  of 
toxic  substances  in  the  body.     Again,  not  only  does  the  jiroduction 

Vat      YIII  — -M 


370  WILLIAMS — mOUBATlOS  AND  INFB0TIOUSNX88. 

of  toxic  substances  take  place  with  progressive  rapidity,  bat  in  severe 
disorder^  the  rate  of  destruction  and  elimination  of  these  bodies 
probably  diminishes  with  even  greater  rapidity,  for  one  of  the  earliest 
results  of  infectious  fevers  is  a  profound  degenerative  ohaxtge  in  the 
protoplasm  of  the  emunctories,  e8i)ecially  the  kidneys  and  liver. 
This  must  interfere  with  the  elimination  of  effete  and  toxic  materials. 
The  toxicity  of  the  urine  is  diminished  very  remarkably  during  the 
febrile  stage  of  some  at  least  of  the  acute  infectious  diseases.  Roger 
and  Gaume*  have  found  that  a  patient  suffering  from  acute  pneamo- 
nia  eliminates  only  one-ludf  or  one-third  as  much  toxic  matter  by  the 
urine  as  in  health,  and  that  the  crisis  is  attended  by  a  large  excretion 
of  such  toxic  matters.  Boque  and  Lemoine'  observed  a  very  simi- 
lar event  in  malarial  fever;  the  toxicity  of  the  urine  was  five  times 
as  great  immediately  after  a  febrile  paroxysm  as  it  was  before. 
When  quinine  was  given  the  toxicity  became  still  greater.  In  typhoid 
fever  again  defervescence  is  often  attended  or  preceded  by  the  pas- 
sage of  a  large  quantity  of  urine  containing  a  high  proportion  of 
"  extractives"  and  of  total  solids.  Considerations  of  this  nature  lead 
also  to  the  expectation  that  the  onset  of  the  general  symptoms  of  an 
acute  infectious  disease  would  not  be  by  a  regular  and  slow  increase 
from  the  time  of  infection,  but  rather  in  an  explosive  manner. 

So  far  the  tissues  have  been  regarded  as  though  they  offered  a  pas- 
sive field  for  the  growth  of  the  microbe — such  a  field  as  is  afforded  by 
a  fiask  of  bouillon  or  a  tube  of  nutrient  gelatin  or  serum.  This,  how- 
ever, is  very  far  from  lieiug  the  case.  The  jjresence  of  a  pathogenic 
microbe  leads  as  a  rule  immediately  to  the  phenomena  of  phagcx'v- 
tosis,  and  it  is  only  when  the  dose  of  toxin  produced  overpasses  a  cer- 
tjiiii  limit  that  the  i)hagocyte8  draw  off  and  leave  the  field  free  to  the 
microbe  for  iis  multij)lication.  Mor(V)ver,  from  an  early  stage  of  cer- 
tain acute  infectious  diseases,  and  probably  of  all,  the  prcnluction  of 
toxins  is  att<>uded  by  the  api)earance  of  antitoxins  which  opjKwe  and 
in  time  neutralize  the  deleterious  action  of  the  toxins.  For  the  i»resent 
argument,  however,  the  most  imporfaint  point  is  that  jiluigocytc^is 
tends  for  a  time  to  check  the  multii)lication  of  the  microlie,  and  that 
this  tissue  resistance  may  after  a  time  lieconie  almost  suddenly  in- 
effectual or  inoi>erative,  thus  leaving  the  microbe  free  to  multiply 
with  the  greatest  rai)idity. 

It  has  often  been  maintained  that  the  incubation  pcri<Hl  of  many 
diseases  may  l)e  influenced  greatly  by  tlio  "  dose"  of  the  infection 
received.  This  view  has  l)eeu  a-sserted  in  particular  with  regard  to 
typhoid  fever.  In  certain  ejademics  in  which  milk  was  the  vehicle 
by  which  the  infection  wiis  distributed,  it  lias  been  observcil  that 
those  first  attacked  were  {lersons  who  litul  consumed  the  milk  in  large 
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quantities  and  witli  reRularity,  while  those  last  attacked  were  persous 
who  had  taken  the  inilk  in  small  ([uantities  and  on  only  one  or  few 
occasions.  Ballard,'  in  one  epidemic  investigated  by  him  for  the 
Medical  Department  of  the  Local  Governineut  Board  (England), 
obtained  particulars  of  43  cases.  It  was  specially  mentioned  that  lil 
of  these  peraons  used  the  suspected  milk  freely  as  an  article  of  diet. 
All  but  4  of  these  19  applied  for  medical  aid  within  tlie  first  fortnight 
of  the  outbreak.  By  24  of  the  persons  attacked  ver.v  little  milk  was 
taken,  and  of  these  17  sought  medical  aid  in  the  third  and  fourth 
weeks  of  the  outbreak,  and  'd  only  in  the  first,  and  5  in  the  second 
weeks  of  the  outbreak.  W.  H.  Power,'  in  an  epidemii-.  due  to  infci-tfd 
water,  found  some  reasou  to  think  that  thti  incubation  period  might 
have  been  shortened  in  some  instances.  On  the  other  hand,  the  same 
earefid  observer  records  a  case  in  which  ty]>lioid  fever  followed  a  sin- 
gle draught  of  infected  milk  at  an  interval  of  three  weeks,  whereas 
during  the  same  outbreak  "great  '  milk-driukers '  were  proj>ortion- 
ately  early  auflFerers."  In  cases  in  which  the  jicriod  of  incubation  is 
greatly  prolonged  beyond  the  ordinary,  f>f  which  event  typhoid  fever 
again  presents  jjerhaps  the  best  authenticated  exanii)le8,  it  may  be 
questioned  whether  we  have  not  in  reality  to  do  with  a  condition  of 
latency  preceding  the  true  (leriod  of  incubation.  Chauteuiessc, 
indeed,  asserts  that  "certain  individuals  retain  for  a  long  time  in 
their  intestines,  and  i)erha])s  even  in  the  sulwtjtnce  of  their  tissues, 
ty  phoid  germs  which  develop  ill  until  the  occurrence  of  some  favoring 
circumstance."  A  similar  retention  of  the  infective  agent  in  a  condi- 
tion of  t]uiescence  or  latency  tjikes  place  probably  not  very  infre- 
quently in  diphtheiia,  and  the  niicroorgauisius  of  pneumonia  and  of 
su]ipurative  diseases  may  be  jireaent  in  the  cavities  or  ou  the  surface 
of  the  IxkIv  for  long  periods,  without  exciting  any  pathogeuic  eflVct 
until  some  deterioration  of  the  general  health  or  of  the  ]in\ver  of  Itwal 
resistance  enables  them  to  become  established,  to  multiply,  and  to 
produce  their  characteristic  jiathological  consequences.  (An  inter- 
esting coDection  of  observations  bearing  on  this  and  cognate  ]M)ints 
will  lie  found  in  a  i»aper  read  In'  Wiwhbouru  before  the  Royal  Medi- 
cal and  Chirurgical  Society  of  Liuidou.')  So  far  as  cuncerus  the 
acute  specific  diseases,  occurrences  of  this  nature  nnist  be  very  esceji- 
tional;  at  least  the  evidence  of  such  occurrences  is  very  scanty. 
With  regard  to  some,  indeed,  the  evidence  is  all  the  other  way,  and 
in  favor  of  the  opinion  that  au  infective  agent  once  established  iu  the 
body  either  produces  the  disease  within  a  period  more  or  less  pre- 
cisely limited  or  is  destroyed. 

Wlien  due  weight  is  alh>wed  to  the  variety  of  circumstances  which 
must  be  assumed  to  have  an  iuflnencc  on  the  duration  of  the  period 
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of  incubation,  it  most  be  felt  that  the  wonder  is  not  that  the  period 
varies  for  the  same  disease  in  different  individnals,  but  that  in  many 
diseases,  of  which  smallpox  affords  the  most  striking  example,  it  is 
so  nearly  constant  as  it  is.  The  duration  of  the  period  is,  in  faot,  a 
part  of  the  natural  history  of  each  acute  specific  disease,  and  an 
acquaintance  with  its  nature  and  variations  is  of  considerable  im|)or- 
tance  in  practical  medicine.  Coupled  with  a  knowledge  of  the  dura- 
tion of  infection  in  affected  individuals,  it  forms  a  large  part  of  the 
foundation  upon  which  rest  modern  methods  of  preventing  the  dis- 
semination of  acute  specific  diseases. 

The  incubation  period  determines  the  length  of  time  for  which 
a  susceptible  individual  who  has  been  exposed  to  infection  should  be 
kept  under  observation,  before  it  can  be  said  that  he  has  escaped. 
It  is  of  assistance  often  in  diagnosis,  if  a  history  of  exposure  to  in- 
fection can  be  obtained.  An  acquaintance  with  the  duration  of 
infection  and  with  the  period  of  disease  at  which  it  commences  or  is 
most  intense,  will  often  serve  to  guide  the  practitioner  under  difficult 
circumstances  as  to  the  precautionary  measures  which  it  may  be 
worth  while  to  take  to  guara  other  members  of  a  family  or  school 
from  the  infection. 

In  estimating  the  i>eriod  of  incubation  of  any  disease,  the  most 
trustworthy  e%'ideuce  is  afforded  by  cases  in  which  the  symptoms 
have  begun  at  a  known  date  after  a  single  exposure  to  infection. 
Cases  in  which  the  exposure  has  begun  at  a  known  date  and  continued 
thereafter  are  of  value  in  determining  the  shortest  i)eriod  of  incuba- 
tion, and  cases  in  which  exi^mure  after  lasting  for  some  time  has 
ceased  at  a  known  date  se^^•e  t<i  help  iu  fixing  the  maximum  periotl  of 
incul)ation.  It  is  desirable  that  these  restrictions  should  be  borne  iu 
mind,  as  statements  are  frequently  made  on  facts  which  do  not  really 
bear  on  the  point  to  be  determiue<l — as  when,  for  example,  long  pe- 
riods of  incubation  are  asserted  on  the  strengtli  of  the  fact  that  a 
jjerHoii  has  boon  exposed  to  infection  for,  say,  a  mouth  l)efore  develop- 
ing the  disease.  In  such  cases  the  disease  liiis,  it  is  fair  to  assume, 
only  commonoed  to  become  established  iu  the  body  at  some  i>erii>«I 
after  the  lieginniug  of  exposure,  owing  to  some  circumstance  con- 
nected with  the  health  of  the  individual  himself,  to  social  or  other 
conditions  which  have  brought  him  into  more  intimate  relation  with 
the  i)ersou  suffering  from  the  disease,  to  the  fact  that  the  disea.se  is 
one  in  which  infection  is  more  easily  disseminated  at  a  late  i>eriod  of 
its  course  or  during  convalescence,  or  because  exposure  to  fomites 
has  occurred  only  when  convalescence  has  advanced  far  enough  to 
permit  the  invalid  to  resume  his  ordinary  wearing  apparel  used  dur- 
ing the  early  stage  of  his  illness. 
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Smallpox. 

The  daration  of  the  period  of  iiicubation  of  smallpox  is  remark- 
ably constant.  The  initial  HymptomB  come  ou,  in  a  larne  majority  of 
I'aBes,  on  the  eleventh  or  twelfth  day,  and  the  eruption  appears  on  the 
fourteenth  day.  An  interval  of  ten  days  only  between  the  exjtoHure 
and  the  initial  symptoms  is  not  very  uncommon,  and  then  the  erup- 
tion appears  on  the  thirteenth  day.  An  interval  of  only  eight  days 
is  rare,  but  Eichhorst  has  recorded  three  cases — one  in  a  i>hysician 
and  two  in  students  of  medicine — in  which  the  initial  symptoms 
commenced  in  two  of  the  iudi\-idual9  nine  days  and  eight  hours  after 
exposure,  and  in  the  third  nine  days  and  foiu:  hours.  So  short  an 
interval  is  rare,  but  when  the  disease  'm  conveyed  by  inoculation 
the  initial  symptoms  appear  on  the  eighth  or  ninth,  occasionally 
on  the  seventh  day.  The  short  j>eriodH  are  observed,  it  is  said,  more 
often  in  hot  countries  than  in  teni]>prate  climates,  and  there  is  some 
evidence  that  the  incubation  period  of  hemorrhagic  smallpox  is 
rather  shorter  than  that  of  the  discrete  form  of  the  disease.  Longer 
intervals  are  rather  more  common — thus  periods  of  thirteen,  fourteen, 
and  fifteen  days  between  the  exposure  and  the  initial  symptoms  are 
not  very  rare,  and  cases  have  occurred  which  appear  to  prove  that  it 
may  be  prolonged  to  twenty  days.  These  unusual  periods  must  bo 
taken  into  account  in  estimating  the  period  during  wliich  a  person 
who  has  been  exposed  to  the  infectioji  should  be  kept  under  oli- 
aerration  {period  of  ohfiervalto}))  before  it  can  be  asserted  that  he 
has  escaped.  The  Report  of  the  Clinical  Society  gives  fifteen  days 
for  this  period,  provided  that  the  individual  at  that  time  shows 
no  signs  of  indisposition  and  presents  no  elevation  of  temperature. 
The  Code  of  Rules  for  the  Prevention  of  Infectious  and  Coutjigious 
Diseases  in  Schools  (hereafter  referred  to  as  the  Code')  gives  eigh- 
teen days.  It  will  be  safer,  however,  to  i>ut  the  ]ieriod  of  obseiTa- 
tiou  at  three  weeks.  The  infection  can  bo  preserved  for  long  jieriods 
in  clothes  and  other  fomites,  and  in  the  hair  of  a  person  who  has 
been  in  intimate  contact  with  a  smallpox  patient.  Cases  are  on 
record  in  which  the  infection  has  thus  been  carried  by  nurses.  In 
liberating  a  patient  from  ol>servatiou,  therefore,  particular  care  should 
l>e  taken  that  he  does  not  then  begin  to  use  clothes  which  may  have 
been  in  contact  with  the  patient  to  whom  he  has  been  exposed. 

The  disease  is  infectious  from  the  onset  of  symptoms  until  all  scales 
have  become  detached  and  until  all  destjuamation  has  ceased;  and 
great  care  should  be  exercised  in  any  case  in  which  some  suppurating 
discharge  is  left  as  a  sequel  to  the  disease. 
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Chicken-pox. 

The  interval  between  the  exposure  to  infection  and  the  appear- 
ance of  the  eruption  of  varicella  is  usually  fourteen  dars,  and  since 
the  occurrence  of  prodromal  symptoms  is  very  inconstant,  this  most 
be  reckoned  the  usual  incubation  period.  It  may  be  one  day  less, 
possibly  in  exceptional  cases  three  days  less.  Longer  intervals  are 
far  from  uncommon,  and  a  period  of  nineteen  days  has  freqnently 
been  established.  When  produced  by  inoculation  the  incabatiou 
l)eriod  is  said  to  be  ten  days. 

The  i>eriod  of  observation  is  given  in  the  Code  as  eighteen  dsvs, 
but  it  will  be  safer  to  prolong  it  to  twenty  days.  Gkxxlall  and  Waah- 
bourn*  conclude  from  a  consideration  of  five  series  of  oases  (nineteen 
cases  in  all) :  (1)  That  the  incubation  iieriod  of  varicella  is  some- 
what variable ;  (2)  that  it  is  never  shorter  than  twelve  days ;  (3)  that 
it  may  be  as  long  as  nineteen,  and  is  commonly  longer  than  four- 
teen days. 

During  the  i)eriod  of  incubation  the  patient  presents  no  symptoms 
as  a  rule,  but  for  a  day  or  so  before  the  eruption  comes  out  there 
may  Ix)  some  malaise,  and  it  is  probable  that  infection  may  be  con- 
tracted from  the  patient  at  this  time.  The  patient  continues  to  be  in- 
fectious until  convalescence  is  over  and  until  all  scabs  have  become 
detached.     Infection  can  probably  bo  curried  by  fomites. 

Measles. 

The  duration  of  tlio  interval  l)otweon  exposure  to  the  infection  and 
the  appt'finincc  of  tlui  nush  is  usually  fourteen  days,  but  almost  as 
often  it  is  a  day  more  or  a  day  less.  The  pre-emptive  or  prcMlronial 
stuf;)^  is  of  Tinccrtain  duration;  it  may  last  only  one  day  or  may  1)«> 
pxt<>n(led  to  fiv«»  days.  The  true  incubation  i)eriod  of  measles  is 
thorof()n!  some  two  or  threoduys  as  a  rule  less  than  the  iuter^-al  men- 
tioned above  Probably  in  most  cases  it  is  eleven  or  twelve  days.  It 
is  bolicvcd  to  tend  to  l)o  short  in  cases  in  which  thesub8e<iuont  attack 
irt  severe  with  a  lii^li  and  loug-maiutaiuod  i)yroxia  (Bard),  and  on  the 
other  hand  a  long  period  of  incubation  is  said  to  be  followetl  usuall; 
by  a  mild  attack.  When  produced  by  iu(K'ulati<m  the  iH>rio<l  is  siiid 
to  1m>  seven  or  ei^^ht  days.  During  the  pericnl  of  incubatitm  then^ 
are,  as  a  nile  at  least,  no  Hynii)toniH,  though  Squire  l>elieved  that  in 
some  ciises  there  is  a  slight  temporary  rise  of  temiwrature  alx^ut  the 
sixth  or  seventh  day  of  the  i>eriod.  I  have  never  seen  the  least  trace 
of  this  in  anv  of  tlie  charts  which  have  come  under  my  oliservatiou. 
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The  period  of  obaervation  recommended  by  the  Ctiuical  Society's 
Eeport  is  fourteen  days,  and  the  individual  must  be  at  the  completion 
of  that  time  free  from  fever  or  catarrh.  The  Code  fixes  sixteen  days, 
which  is  safer,  as  it  would  include  nearly  all  even  of  the  most  excei>- 
tionable  cases  on  record. 

The  infection  of  measles  exists  from  the  very  earliest  period  of 
the  developed  disease,  and  is  very  inteuae,  pcrhajm  most  intense,  be- 
fore the  rash  apjiears.  There  is  no  very  notable  diminution  of  the 
power  of  infection  during  the  whole  acute  stage,  and  there  can  be  no 
doubt  that  a  patient  may  even  be  capable  of  conveying  meaales  to  an- 
other after  convalescence  has  advanced  far  enough  to  allow  him 
to  go  back  to  his  usual  avtwatious — to  begin  going  to  schriol  again, 
for  instance.  Though  there  can  l>e  no  doubt  of  thi.s,  it  is  equally 
well  estabbshed  that  infection  is  far  more  often  spread  during  the 
prodromal  period.  The  period  of  isolation  should  extend  to  three 
weeks  at  least,  and  the  patient  should  be  free  from  all  desquamation 
and  cough  before  being  allowed  to  mix  with  susceptible  chihlren.  The 
infective  principle  has  apparently  little  power  of  maintaining  itself 
outside  the  body,  and  does  not  long  survive  in  fomites,  at  least  under 
ordinary  circumstances. 

Bubella  (Kotheln). 

The  behavior  of  rulwlla  presents  a  general  resemblance  to  that  of 
measles,  but  the  incubation  period  is  as  a  rule  rather  longer.  As 
prodromal  symptcmis  are  not  alwa>  .h  jiresent,  ur  if  present  are  often 
so  slight  as  to  escaj>e  observation,  it  is  necessary  to  reckon  the  incu- 
bation period  to  the  date  of  the  appearance  of  the  ra-sli.  This  is 
given  by  the  Clinical  Society "s  Report  as  eighteen  days,  but  it  may 
be  any  i>eriod  more  than  two  and  less  than  three  weeks  without  being 
at  all  excei>tioual.  In  a  couHiderablo  numlier  of  cases  it  is  lens  than 
a  fortnight  by  one  or  two  days,  and  it  seems  necessary  to  admit  that 
it  is  occasionally  as  short  as  five  days.  It  seldom  or  never  exceeds 
twenty -one  days,  th(mgh  Baginsky'"  (on  the  authority  of  Buehmiiller) 
admits  twenty-four  days.  The  duration  oi  the  perioil  of  observation 
should  be,  according  to  the  Code,  sixteen  days,  but  as  the  incubation 
period  may  l>e  as  hmg  as  twenty -one  days,  the  rule  in  the  Clinical 
Society's  ReiKJi't^"t^vo  days  more  than  three  weeks" — is  probably 
safer. 

Rubella  may  be  infectious  for  two  or  three  days  before  the  rash 
appears.  It  is  in  all  cases  infectious  while  the  rash  is  out,  but 
the  validity  of  the  infection  declines  rapidly,  and  in  mild  cases  has 
probably  ceased  at  the  end  of  a  week ;  iu  more  severe  cases  it  lasts 
loutfer.  and  risk  cannot  be  regarded  to  have  passed  so  lunu  as  anv 
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desqnamation  contmnes.    The  Code  prescribes  "two  or  three  weeks, 
the  exact  time  depending  opon  the  nattue  of  the  attack." 

Scarlet  Fever. 

Scarlet  fever  usually  comes  on  dtiring  the  second  or  third  day  after 
exposure.  Guinon,  calculating  the  period  as  extending  from  expo- 
sure to  the  appearance  of  the  rash,  found  that  the  incubation  period . 
was  "invariably"  four  to  five  days,  and  quotes  Serestre  and  Johanes- 
sen  in  support  of  his  observation.  Beimer  believed  that  in  more 
than  two-thirds  of  the  3,624  cases  which  he  collected  the  disease  came 
on  within  the  first  three  days  after  exposure.  Of  28  cases  collected 
by  the  Clinical  Society's  committee  in  which  the  disease  followed 
an  exposure  for  a  short  time  to  a  known  source  of  infection,  cases  in 
which  the  facts  were  ascertained  very  carefully,  in  16  the  earliest 
symptoms  were  observed  before  the  end  of  the  third  day,  and  in  10 
of  these  before  the  end  of  the  second  day.  In  2  cases  the  interval 
was  seven  days,  and  in  1  eight.  Including  other  cases  in  which  the 
interval  between  the  commencement  of  the  exposure  and  the  onset  of 
the  disease  was  ascertained  with  precision,  there  were  altogether  106 
cases,  of  which  number  52,  or  nearly  half,  began  before  the  end  of 
the  third  day  after  exposure,  while  47  began  on  the  second  or  third 
day.  Eight  days  must  be  taken  to  be  the  extreme  limit  of  the  period, 
although  certain  authors  have  accepted  periods  much  longer,  extend- 
ing even  to  seventeen  days ;  but  the  true  explanation  of  such  cases  is 
probably  eitlier  that  there  has  been  a  second  exposure  or  that  the 
patient  had  come  into  contact  subsequently  with  clothes  or  other 
foinites  soiled  by  the  i)erson  first  attacked,  but  not  used  until  the 
perifxl  of  convalesceuce  is  reached.  The  period  of  isolation  given  in 
the  Code  is  fourteen  days,  but  ten  days  would  probably  be  sufficient 
if  care  wore  taken  to  make  certain  that  the  person  was  free  from  all 
fev(>r  and  sore  throat,  and  if  all  fomites  which  have  been  in  contact 
with  the  infection  be  disinfected. 

Scarlet  fever  is  infectious  from  the  appearance  of  the  earliest 
sYm])toniH  and  until  des(iuamation  has  ceasetl  and  all  signs  of  iu- 
fluuiuiation  of  the  mucous  membranes  have  passed  away ;  the  infec- 
tion may  be  conveyed  by  the  suppurating  discharge  of  middle-ear 
disease  until  a  lato  jieriod.  The  period  of  isolation  should  be  not 
less  than  six  weeks,  and  the  patient  should  receive  a  series  of 
baths,  and  should  not  then  be  liberated  unless  "  desquamation  have 
completely  ceased,  and  there  be  no  appearance  of  sore  throat" 
(Code) .  Owing  to  the  fact  that  the  infection  is  easily  retained  for 
long  ]>eriods  in  fomites,  it  is  necessary  to  practise  most  careful  dis- 
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infection  of  all  clothes,  not  only  those  iwed  while  the  disease  was 

coming  on,  but  those  which  have  been  in  the  same  room  as  the  pa- 
tient during  the  attack  and  during  convalescence,  of  ail  l)eddiug, 
of  linen  soiled  by  excretions  or  discharges,  and  of  books  and  toys 
iised  during  convalescence.  Under  exceptional  circumstances,  how- 
ever, the  individual  may  still  be  actively  infectious  as  long  as  eight 
weeks  after  the  commencement  of  an  attack,  and  it  is  not  safe  to  lay 
down  any  hard-and-fast  rule  on  which  laymen  can  be  allowi^d  to  act 
ou  their  own  respfynsibility.  The  infection  may  be  contracted  from 
the  body  of  a  person  who  has  died  of  the  disease.  With  regard  to 
the  relation  of  scarlet  fever  to  ti'anmatifim  and  to  the  pucrvieriiim,  tlie 
facts  are  probably'  best  summed  up  iu  the  following  sentence  ex- 
tracted from  the  Clinical  Society's  Report:  "There  is  no  proof  that 
the  period  of  iuculmtion  is  shorter  or  longer  iu  persons  wbo  have 
met  with  an  injury,  nor  iu  women  who  have  recently  been  delivered, 
but  there  are  grounds  for  Iwlieviug  that  tlie  occurrence  of  lalxir  or  of 
traumatism  may  determine  the  onset  of  scarlet  fever  iji  persons  who 
have  ]U'eviously  been  esjmsed  to  infection  without  taking  tlie  diaetkse." 

Diphtheria. 

The  usual  periotl  of  iucnlmtiou  of  dijihtheria  of  the  throat  or  lar- 
ynx is  two  davH,  and  it  does  not  often  exceed  four  days,  altliongli  it 
occasionally  reaches  seven  days.  Probably  it  never  really  exceeds 
this  period  and  is  seldom  less  than  two  days.  The  Code  gives 
twelve  days  as  tLe  i>eriodof  observation,  and  tliia  will  ln'  am]>le  if  tlie 
infection  is  really  Ijoiug  spread  by  personal  intercourse  and  not  by 
other  means,  for  it  must  be  Iwrne  in  mind  that  the  infection  of  dijih- 
theria  can  be  conveyed  by  contaminated  clotlies  and  may  hang  about 
a  house  in  carpets,  beds,  etc.,  for  months  or  jiprhap.^  years. 

A  person  may  be  infected  by  a  patient  in  tlio  incnbatifm  stage  dur- 
ing the  whole  of  the  attack,  and  for  a  ppriod  of  lung  but  uncertain  dura- 
tion after  a[)paront  recovery.  Tliese  conclusions,  reached  by  the  study 
of  the  history  of  cases  observed  clinically,  are  fully  confirmed  by  bacte- 
riiJogy,  which  has  shown  that  the  s[)ecitic  bacillus  may  persist  iu  the 
throat  for  many  weeks  and  even  for  mouths.  As  a  rule,  iu  instances 
iu  which  infection  has  tims  Iwen  transmitted  at  a  late  ]>erio<l  after 
the  symptoms  of  the  disease  have  passed  away,  some  unbealtliy  con- 
dition of  tlie  tonsils  or  pharynx  has  persisted,  and  all  cases  in  which 
such  morbid  states  continue  after  an  attack  of  diphtheria  should  lie 
regarded  with  niucli  suspicion  as  possible  sources  of  infection  to 
susceptible  cldhlren  lirouglit  into  intimate  relation  with  the  sufferer. 
The  infection  may  Ije  contracted  by  intimate  contact  ivith  the  body 
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of  a  person  who  has  died  of  the  disease ;  the  onstom  of  allowing  chil- 
dren to  "  kiss  the  corpse"  is  one  which  ought  to  be  absolately  forbid- 
den. The  period  of  isolation  after  an  attack  of  diphtheria  which  has 
been  found  satisfactory  by  the  Medical  Officers  of  Schools  Association 
is  not  less  than  three  weeks  when  convalescence  is  completed,  pro- 
vided that  there  be  then  no  longer  any  form  of  sore  throat,  nor  ant- 
kind  of  discharge  from  the  throat,  nose,  eyes,  ears,  or  other  parts, 
and  no  albuminuria.  The  termination  should,  in  fact,  depend  on  the 
disappearance  of  all  local  lesions  and  of  the  bacillus  from  the  throat. 

Whooping-Ooiigli. 

The  duration  of  the  x)eriod  of  incubation  of  whooping-ooogh  is 
somewhat  uncertain,  owing  partly  to  the  circumstance  that  the  onset 
of  the  disease  is  usually  insidious,  and  partly  to  the  fact  that  in  all 
probability  the  period  actually  varies  a  good  deal.  The  usual  period 
between  exposure  to  infection  and  the  beginning  of  catarrhal  symp- 
toms is  seven  to  ten  days ;  the  characteristic  whoop  appears  five  to 
seven  clays  later  as  a  rule,  so  that  the  interval  between  exposure  and 
whoop  is  usually  about  a  fortnight.  The  i)eriod  of  observation  rec- 
ommended by  the  Code  is  twenty-one  days,  but  probably  fifteen  days 
would  be  sufficient  if  the  individual  were  examined  carefully  at  the 
expiration  of  that  period  and  found  to  be  free  from  all  trace  of  catarrh 
of  fancies  and  pharynx  and  of  all  signs  of  bronchitis. 

The  iufectiousuesH  is  marked  in  the  earliest  stage  and  liefore  the 
characteristic  whoop  begins;  it  declines  rapidly  after  the  acute  stage 
has  passed.  Weill,  who  in  1894  expressed  the  opinion  that  whooping- 
cough  is  contagious  only  during  the  premonitory  catarrhal  stage,  has 
since"  put  his  opinion  to  the  test.  On  various  occasions  he  jjermittetl 
nearly  one  hundred  young  children,  who  had  not  previously  suffereil 
from  whooping-cough,  to  l)e  associated  in  the  same  wartl  for  twenty 
days  or  mor(^  with  children  suffering  from  the  disease  during  the  stage 
of  whooping.  In  only  one  ease  was  the  disease  contracted,  and  in  this 
instance  the  patient  from  whom  the  infection  was  derived  was  in  the 
very  earliest  i)eri()d  of  the  whooping-stage.  In  three  small  epidemics 
he  was  abl(>  to  satisfy  himself  that  infection  was  contracted  from  chil- 
dren who  had  not  yet  l)egun  to  whoop.  Weill  concludes  that  infe<"- 
tion  ceaHes  very  soon  after  the  characteristic  whoops  commence,  and 
that  therefore  in  a  family  it  is  not  the  patient  who  is  already  whoojv- 
iug,  but  his  brothers  and  sisters  who  have  not  liegun  to  whoop,  that 
ought  to  1)0  isolattnl.  Those  who  have  not  the  faith  of  this  physician 
will  do  well  to  l)o  guided  by  the  recommendation  of  the  Medical  Offi- 
cers of  Schools  Ccnle,  which  is  that  the  child  should  be  kept  isolated 
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from  susceptible  personH  for  sLs  weekn  from  the  commencemeut  of 
the  whooping,  anil  should  then  be  allowed  to  mingle  with  otheiB  only 
if  the  whooping  and  all  characteristic  spasmodic  cough  have  ceased. 
If  all  cough  have  completely  passed  away  earlier,  which  is  not  often 
the  case,  this  rule  may  be  relaxed  and  the  period  of  isolation 
shortened. 

Mumps. 

The  inculmtion  period  in  epidemic  parotitis  is  long.  As  the  pro- 
dromal symptoms  are  not  always  jiresent,  and  when  j)resent  are  often 
slight,  it  is  necessary  to  reckon  the  period  of  incubation  a-s  extending 
from  the  moment  of  esiiosure  to  the  onset  of  the  parotitis.  The  usual 
period  is  three  weeks,  but  periods  of  nineteen,  eighteen,  and  seven- 
teen days  are  very  fre([uent.  There  is  some  evidence  that  the  jieriod 
tends  to  lie  shorter  when  the  person  infected  has  been  exposed  to  the 
source  of  infection  i;ontinuously  or  at  least  for  several  dajs  at  the 
commencement  of  the  illness  of  the  iufector.  The  shortest  jteriod  is 
probably  fourteen  days,  though  some  writ<?rs  (Biedert,  Demme)  have 
believed  that  it  might  l>e  only  eight  days.  Thelriugest  known  period 
is  twenty-five  days.  The  period  of  observation  mentioned  by  the 
Cotle  is  twenty -four  days,  but  it  would  probably  be  safer  to  extend 
this  by  a  day. 

Mumps  is  very  infectious  at  the  earliest  stage,  and  during  the 
prodromal  symjftoras  if  tJiei'  occur.  This  stage  should  be  taken 
to  last  four  days  (l>efc)re  the  jiarotids  begin  to  swell),  although  it 
is  not  often  so  i>rok)nged.  The  risk  of  infection  diminishes  ]iro- 
gressively  from  the  onset  of  jiai-otitis,  and  as  a  rule  has  ceased  three 
weeks  after  that  date,  probably  in  most  cases  in  a  fortnight,  if  all 
Bwelliug  of  the  ])iU"otidH  (and  testicles  if  tins  occiir)  have  snlisided. 
The  Code  directs  isolation  for  four  weeks,  when  the  patient  may  mix 
with  others  "if  all  swelling  have  subsided."  Mum]iH  is  an  extremely 
troublesome  epidemic  in  schools,  especially  boys'  schools,  and  it  may 
be  useful  to  l)ear  in  mind  the  following  points:  Firstly,  that  as 
mumps  is  infectitms  in  the  jirodromal  stage,  pei-sons  who  have  l)een 
in  contact  with  the  first  ]iatient  during  this  stage,  which  must  be 
assumed  to  comprise  the  four  days  before  the  onset  oi  the  swelling 
even  though  no  illness  lias  lieeu  complained  of,  must  lie  regarded  as 
possibly  infected  and  kept  under  observation;  by  isolating  persons 
first  seen  ten  days  after  exposure  to  infection,  it  may  tlius  still  be 
possible  to  limit  the  sjjread  rif  the  infection  by  such  persons,  even  if 
they  subsequently  develoji  the  disease  themselves.  In  the  second 
jdace,  since  the  incubation  pei'iod  is  most  commonly  nineteen  to 
twenty -one  days  and  is  sometimes  twenty -four  or  tweuty-five,  it  is  well 
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worth  while  to  isolate  a  i)er8on  who  has  been  exposed  to  infection  a 
fortnight  or  even  three  weeks  earlier.  In  the  third  place,  the  iso- 
lation of  mumps  is  easy,  since  the  infection  does  not  appear  to  be 
readily  carried  far  from  the  body  of  the  individnal  affected.  Con- 
finement of  the  patient  to  his  own  room  is  commonly  effective  in  pre- 
venting spread  through  a  household,  if  other  children  are  naUj 
excluded  from  all  communication. 

TjrpliuB  Fever. 

The  incubation  i)eriod  of  typhus  fever  is  usually  twelve  days 
(Murchison"),  but  shorter  periods  are  by  no  means  rare,  and  many 
well-authenticated  cases  of  a  i)eriod  of  eight  days  are  on  record. 
Murchison  accepts  the  belief  that  typhus  fever  occasionally  follows 
in  a  few  hours  a  very  full  exposure  to  the  infection,  and  J.  W. 
Moore,"  of  Dublin,  states  that  in  his  own  person  he  has  often 
suffered  from  "  a  '  typhus  headache '  almost  immediately  after  expo- 
sure to  the  poison  of  this  disease."  Murchison  states  that  in  his  own 
second  attack  the  period  of  incubation  was  "exactly  five  days."  The 
longest  known  period  of  incubation  of  typhus  fever  appears  to  be 
twenty-one  days,  the  duration  in  one  of  Murchison's  cases.  But  in- 
stances of  i^eriods  approaching  this  length  are  rare.  A  period  of 
olwervation  of  three  weeks  completed  may  therefore  be  considered 
sufficient  if  the  patient  be  in  good  health  at  its  termination. 

The  infection  of  typhus  is  very  virulent,  but  the  area  through 
wliich  it  operatos  is  limited.  Murchison  lielieved  that  it  was  most  in- 
fectious from  "  the  oud  of  the  first  week  up  to  convalescence."  During 
tlio  firnt  week  of  the  fevor  there  is  comparatively  little  danger,  and 
if  tlie  patient  bo  isolated  within  that  time  others  do  not  often  contract 
the  (1  isea.se.  Infection  ceases  w^hen  the  appetite  and  digestion  are  re- 
stored. The  average  duration  of  an  attack  of  typhus  fevor  is  aUnit 
two  weeks  (l.S.4.'^  days),  and  of  five  hundred  cases  that  recovere«l  in 
not  one  did  tlio  duration  of  the  illness  exceed  nineteen  days.  Tlin* 
weeks  would  therefore  api)ear  to  be  a  sufficient  time  for  isolation. 
The  infection,  however,  clings  to  clothes,  so  much  so  that  it  has  lieen 
sn|>pt>s('d  tliat  tyj)hus  fever  is  most  infectious  during  convale8cenc»\ 
the  real  fai-t  being  that  the  infection  in  the  cases  on  which  this  opin- 
ion was  founded  was  derived  from  clothes  which  the  convalescent 
then  again  took  into  use.  Clothes  worn  at  or  about  the  time  of  the 
onset  of  the  disease,  and  1)cdding  use<l  during  the  attack  ought  there- 
fore to  l)e  disinfected  or  destroyed. 
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Typhoid  Fever. 

The  determination  of  tLe  incubation  period  of  enteric  fever  haa 
always  presented  mucli  difficulty  owing  to  the  paucity  of  canes  aflVn-d- 
iny  evidence  Ijearing  on  tlie  point,  and  the  difficulty  of  settliug  ex- 
actly the  date  at  which  an  attack  begins.  During  the  period  of  incu- 
bation the  patient  is  apt  to  suffer  from  various  ill-defined  .symptoms, 
malaise,  headache,  pains  in  the  limbs,  and  this  conditiou  merges 
gradnaUy  into  the  developed  attjick.  In  other  caHss,  however,  the 
onset  of  the  disease  is  sudden,  and  the  Report  of  the  Clinical  Society 
(for  which  all  the  reports  on  outbreaks  of  enteric  fever  made  to  the 
Local  Government  Board  in  England  by  its  medical  iuapectora  down 
to  1890  were  analyzed)  hits  provided  a  considerable  mass  of  informa- 
tion, wliich  is  found  to  ccmfirm  the  opiniim  of  the  br>st  authorities 
published  previously  to  that  date.  Cayley  writing  iu  ISHJ,'"  stated 
that  "  the  common  period  is  from  tfu  to  fifteen  days.  I  have  not 
found  any  well-authenticated  ca.se  in  which  it  was  certainly  less  than 
five  days  or  more  than  twenty -two  days."  The  conclusion  of  the 
Clinical  Scoiety 'a  Report  is :  "  The  interval  l)etween  ex[)osure  to  infec- 
tion and  the  development  of  distinct  symptoms  is  jirobably  most 
often  twelve  to  fourteen  days;  it  is  not  very  infroquoutiy  nine  or  ten 
days,  occasionally  eight,  and  pcjasibly  less.  ...  In  rare  cases  it  is 
prolonged  to  fifteen,  eighteen,  or  even  twenty-three  days."  No  evi- 
dence was  obtained  to  support  Murchison's"  belief  that  it  might  bo 
as  short  as  one  or  two  days,  and  the  cases  upon  whi<-h  he  lelii'd  do 
not  bear  close  investigation.  The  theory  that  the  period  of  imuba- 
tion  may  be  shorter  when  the  "  dose"  of  the  infection  imbibed  with 
the  ingesta  has  lieeu  large  has  been  referred  to  above. 

A  patient  suffering  from  enteric  fever  is  eai>able  of  transmitting  it 
to  others  throughout  the  whole  course  of  his  illness  from  the  dat«  of 
the  earliest  symptoms  down  to  the  end  of  the  st'cnnd  week  of  conva- 
lescence at  least,  and  bis  cajiability  returns  during  a  relapse.  Infec- 
tion can  be  convened  by  fomites,  and  retained  by  them  for  two  months 
at  least;  washerwomen  have  frequently  been  infected  by  washing  the 
linen  of  patients,  the  nature  of  whose  disease  has  not  been  recognized 
at  first,  so  that  no  disinfection  was  practised.  In  the  majority  of  in- 
stances, in  epidemics  at  least,  the  infection  is  not  derived  dii-ectly 
from  the  patient  but  indirectly  through  the  medium  of  water  or  milk. 
With  regard  to  the  period  of  oljservatiou  in  such  casew,  experience 
appears  to  show  than  an  epidemic  due  to  contamination  of  milk  with 
the  specific  infectious  agent  will  most  probably  come  to  an  end  at  or 
about  the  end  of  the  second  week  after  the  supply  of  the  infected 
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milk  for  consumption  has  been  stopped.  When  water  is  the  distrib- 
uting medium  a  much  longer  time  may  elapse  before  cases  cease  to 
appear.  Thus  when  a  public  water  supply  has  been  contaminated 
eases  have  often  continued  to  occur  until  the  fourth  week  after  the 
source  of  the  specific  pollution  has  been  removed,  and  in  the  cases  of 
well-water  the  length  of  time  is  apt  to  be  very  much  greater,  owing 
probably  to  the  fouling  of  the  soil  and  the  difficulty  of  insuring  that 
disinfection  has  been  thorough.  The  iwriod  of  observation,  there- 
fore, is  somewhat  uncertain,  and  if  the  water  supply  cannot  he  en- 
tirely changed,  it  should  extend  over  a  month  at  least. 

Relapsing  Fever. 

When  inoculated  in  man  the  incubation  i>eriod  of  relapsing  fever 
is  never  more  than  eight  nor  less  than  five  days.  When  contracted 
otherwise  Murchison  found  that  the  incubation  |>eriod  was  seldom 
more  than  nine  days,  that  in  few  did  it  exceed  twelve  days,  that  the 
longest  period  which  could  be  accepted  was  fourteen  or  iKiesibly  six- 
teeen  days,  and  that  in  a  considerable  number  of  cases  it  was  not 
more  tlian  five  days,  in  some  possibly  less.  It  has  been  said  that 
the  fever  has  commenced  immediately  after  exposure,  but  Cayley 
suggests  that  statements  to  this  effect  are  due  to  errors  of  oliser^'a- 
tion;  such  errors,  considering  the  circumstances  under  which  this 
fever  prevails,  are  very  liable  to  our. 

Dengue. 

TliH  uHUid  jM'riod  of  incubation  of  dengue  is  probably  four  days, 
but  it  niiiy  bo  oxteudfd  to  five  days,  and  is  not  infre<iuently  no  more 
than  threo.  It  luus  Ix^eu  said  to  come  on  a  few  hours  after  exi>osure, 
but  wlien  an  extensive  epidemic  prevails  the  chances  of  an  error  of 
oltservation  art»,  as  is  the  (^use  witli  infiuenza,  very  great.  The  i)eri<"Hl 
of  observation  shf)nl(l  therefore  l)e  al)out  six  days  and  of  isolation 
about  eight  days,  since  the  whole  attack  lasts  seliloni  more  than  a 
week.  Tlie  infection  is  extremely  diffusible,  and  susceptible  iK?rsons 
in  a  <"onnnnnity  visited  by  an  epidemic  seldom  escai)e.  One  attjtck 
confers  a  very  iiuiKM-fect  ininnmity. 

Influenza. 

The  ineubatifrti  i>eriod  of  epidemic  influenza  is  short.  Tlie  usual 
jwriod  is  j>robably  twoor  tliree  days.  The  Clinical  Society's  Rejnirt 
concludes  that  it  varies  from  one  day  or  a  few  hours  less,  to  four  or  five 
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days,  but  Uiat  the  usual  period  is  three  or  four  daj's.  It  in  probable 
that  this  makes  the  period  rather  too  loD^i;,  and  that  Parsons'  "estimate 
t)f  two  or  three  daj-s  is  nearer  the  mark.  F.  Wiilal  puts  the  maxi- 
mum period  at  two  days,  but  tliia  is  certainly  too  short,  though  a 
very  large  proportion  of  cases  do  occur  within  that  jseriod.  Periods 
as  long  as  seven  days  Lave  lieen  reported,  but  duriny  an  epidemic  of 
influenza  it  is  exceedingly  difficult  to  exclude  tlie  possibility  of  un- 
recognized exposure  owing  to  the  uuiniwr  of  arabulnti >r,\'  cases,  and 
of  mild  attacks  which  the  sufferers  call  common  colds,  and  for  which 
they  do  not  undergo  any  jieriod  of  isolation.  The  period  of  observa- 
tion should  be  six  or  seven  days. 

The  patient  is  infectious  throughout  the  acute  attack,  aud  may 
continue  infectioiis  until  convalescence  Las  advanced  far  enough  to 
permit  him  to  return  to  his  ordinary  avocations,  aud  it  is  probably 
in  this  way  that  influenza  is  most  generally  sprejwl.  The  period  of 
isolation  ought  to  be  a  week  to  ten  days  after  the  commencement  of 
the  disease,  according  to  the  severity  of  the  attack.  lu  ca.sGs  coin- 
]ilicated  by  pneumonia  it  should  be  extended  to  the  end  of  convalcs- 
ceuee. 

Yello-w  Fever. 

The  usual  incubation  period  of  yellow  fever  is  four  days,  <jr  a  day 
more  or  less.  It  may  extend  to  seven  daj-s,  and  a  period  of  fourt<^eu 
days  is  admitted  by  Sternl^erg  (Davitlson").  The  jieriod  may  be 
as  short  as  twenty -four  hours,  which  has  been  accepted  by  Bemiss,'" 
who,  however,  states  that  in  three  cases  in  which  lie  was  able  to  fix 
tlie  hours  of  first  exiioaure  with  jtrecision,  tlie  attacks  followed  in 
seventy-two,  eighty-three,  and  one  hundred  aud  one  hours  respec- 
tively.    The  period  of  observation  ought  to  lie  a  fortnight  at  least. 

The  infection  is  probably  seldom  derived  fro«)  a  patient  direct, 
but  it  is  easily  contracted  from  fomites  in  which  it  may  be  preserved 
for  long  periods,  or  from  the  structure  or  fittings  of  foiil  shii)s.  The 
bacillus  descrilted  by  Sanarelli,"  which  there  seems  to  bo  good 
grounds  for  regarding  iis  tjje  iufectivf>  agent,  is  very  resistant  to  dry- 
ing, but  is  easily  killed  by  direct  sunlight.  Under  certain  conditions 
which  would  appear  to  1>o  particularly  liable  to  be  i)rt>duced  on  ship- 
board, it  may  be  called  into  activity  when  otherwise  unable  to  flour- 
ish by  the  growth  in  its  vicinit\-  of  certain  moulds,  a  fact  which  may 
account  for  the  manner  in  which  the  infection  has  clung  to  ships, 
springing  into  activity  at  irregular  intervals. 
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Asiatic  Cholera. 

The  incubation  period  of  Asiatic  cholera  varies  between  a  few 
hoiirH  and  a  week,  or  possibly  a  little  longer.  Such  extremee  are, 
however,  rare.  The  asnal  period  is  from  two  to  five  days.  Daring 
the  Dongola  expedition  of  1896  (GWlwey")  a  party  of  soldiers  were, 
there  was  good  reason  to  believe,  infected  by  bathing  in  the  Nile  at  a 
point  where  a  case  of  cholera  had  occarred  in  a  boat  on  the  previous 
day ;  one  soldier  was  admitted  to  hospital  on  the  next  day,  thirteen 
on  the  second  day,  fifteen  on  the  third  day,  and  one  or  two  cases 
occurred  down  to  the  seventh  day  after  the  bath,  when  this  outbreak 
ceased.     The  period  of  observation  should  be  eight  days. 

The  infection  is  seldom  derived  through  direct  intercourse  with  a  pa- 
tient. Water  is  the  chief  vehicle  of  the  infective  agent,  which  may  also 
contaminate  milk  and  various  articles  of  food,  such  contamination  be- 
ing brought  about  mainly  by  way  of  water  used  in  the  "  preparation" 
of  the  milk  or  footl  for  sale  or  consumption.  Vegetables  may  thns 
l)ecome  coutamiuated  during  the  process  of  washing.  The  main  point 
in  the  prophylaxis  of  cholera,  therefore,  is  the  destruction  of  the 
cholera  organism  in  the  stools.  Linen  soiled  with  cholera  evacna- 
tions  easily  carries  the  infection,  and,  as  in  the  case  of  enteric  fever, 
washerwomen  are  particularly  liable  to  be  among  the  earliest  suffer- 
ers  in  an  o])idemic.  The  i)atieut  should  be  isolated  until  his  stools 
assuino  u  healthy  appearance,  and  his  stools  should  l)e  disinfected  or 
(lostroyod  for  ouo  or  two  weeks  longer  at  least,  unless  it  Ixi  \h<a- 
Hiblc  to  resort  to  bacteriological  examination  to  prove  the  absence  of 
the  cholera  vibrio. 

Bubonic  Plague. 

The  incubation  jwriod  of  bulx>nic  i)lague  is  seldom  less  than  three 
or  more  than  six  (lays.  This  is  tlio  opinion  of  Lowsou  from  his  exjieri- 
euct\  in  Hong-Kong,  and  it  is  (juoted  with  acquiescence  by  Cantlie," 
who  jioiuts  out  that  the  opinion  of  Aoyama,  who  jissigus  two  to  seven 
(la\  s,  very  nearly  coincides.  Bitter"  from  ol)s(^r^•ation8  in  Boml)a.v 
arrived  at  the  conclnsiou  tliut  the  incubation  i)erio<l  was  l>etwe«>u 
three  and  five  days,  but  that  it  might  last  longer,  though  he  did  not 
Ix'licve  that  it  ev»'r  exceeded  ten  days.  Very  sliort  i)eriod8  have  lieeu 
mentioned  by  wonici  writers,  but  they  are  not  well  authenticated.  The 
incubation  j)eriod  of  plague  during  epidemic  pericnls  may  therefore 
1)0  taken  to  1)(>  usually  some  i>eri<Hl  In'tween  three  and  six  days. 
Possibly  an  inter-epideniic  i)ori<xls,  or  if  the  individual  l)e  remove<l 
from  the  epidemic  area,  the  intenal  between  the  exitosure  ami  the 
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onset  of  acute  aymptoms  may  lie  raucli  louger,  but  in  many  of  tliese 
cases  the  patients  will  be  fonud  to  have  l)een  sufferiug  from  imloleut 
bubo  possibly  due  to  the  presence  of  the  infective  agent  of  true  plague 
in  a  moditietl  state  of  virulem-e.  Eogers  PaHha"  jjlaceH  the  peril  id 
of  observation  at  five  or  six  days,  but  the  International  Sanitary 
Conference  at  Venice  (1897)  adnpted  ten  days. 

The  specific  microbe  exists  iu  an  active  pathogenic  state  in  the 
various  morbid  secretions,  iu  vomited  matter  and  in  the  intestinal 
discharges,  iu  the  urine  and  the  blood.  Tlio  danger  is  particularly 
great  from  tliose  cases  iu  which  pnoumnuia  is  the  chief  lesion,  since 
the  expectoration  is  copious  and  frequent  and  the  sputum  contains 
the  bacillus  iu  large  numbers  and  iu  almost  pure  culture.  In  cases 
characterized  by  bubo  alone  tlie  risk  of  infection  is  not  great,  especially 
if  the  bulM  1k^  not  opened  until  suppuration  is  well  established,  and 
with  the  establishment  oi  suppuration  the  jilague  bacillus  is  gradually 
destroyed.  In  other  cases  the  patient  should  lie  isolated  until  all  ex- 
pectoration, diarrliLea,  or  other  discharge  has  ceased.  The  clothing, 
furniture,  and  rooms  occupied  during  the  illness  shoidd  be  thoroughly 
disinfected.  The  bacillus  is  retained  for  some  time  in  the  bodies  of 
persons  who  have  died  from  the  disease.  It  is  easily  destroyed  1)\' 
drying,  particularly  at  high  air  temperatures,  but  it  can  survive  for 
some  days  in  clothes  if  moist,  and  in  moist  soil,  and  is  liable  to  be 
disseminated  when  this  soil  is  disturlied. 

Malarial  Fever. 

The  period  of  incubation  most  commonly  obsen'ed  ia  one  of  ten  to 
fifteen  days,  the  extremes  being  probably  six  and  twenty -one  days." 
The  shorter  the  interval  between  the  paroxysms  in  the  fever  when  it 
first  develops  the  shorter  also  proliably  the  iierind  of  incubation. 
Thus  it  is  shorter  in  tertian  than  iu  quartan.  Wlien  it  has  been  in- 
duced by  injection  fif  malarious  blood  iuto  healthy  jwrsons  the  dis- 
ease has  api>eared  at  periods  varying  from  six  to  sixteen  days. 
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SMALLPOX. 


Synonyms. — Variola  (from  Lathi :  varus,  a  blotch,  a  pimple) ; 
FirinJi :  La  i)etite  verole,  picote  (a  mau  marked  with  smallpox  is 
said  to  be^^iVo/^),  variole;  Go-man:  Blatteru,  Meuscheni)ockeu ;  Ital- 
iini :  Vaiuolo;  Spanish:  Viruelas;  Danish  &ud  Xoricegian :  Kopper; 
Swedish:  Smittkoppor;  Arabit-  (Rhazes):  Jadari;  Modern  Greek: 
Enkiiyia  (a  euphemism)  ;  Irish:  Bolgach  (pustuleH  or  blisters),  galar- 
breac  (the  speckled  disease) .  "  Pox"  is  one  of  the  i)lural  forms  of 
"l)ock,"  derived  from  the  Auglo-Saxon //ot-  or  jmk<;  a  bag  or  i)ouch, 
poke  or  pocket.     Chaucer  has  this  Hue — 

"  Of  pokket  and  of  scab  and  every  sore.  " 

lu  Scotland  the  disease  is  called  "  the  pocks"  to  the  present  day, 
the  reference  being  to  the  i)okes  or  pockets  of  matter  which  c<mstitute 
the  true  nish  in  its  mature  stage.  The  English  term  "smallpox" 
was  introduced  at  the  end  of  the  fifteenth,  or  early  in  the  sixteenth 
century,  with  the  object  of  distinguishing  the  disease  from  syphilis', 
or  the  "great  pox."  The  word  was  first  used  by  the  old  chronicler 
Eaphael  or  Ralph  Holinshed,  who  died  alxjut  the  year  1580. 

Varioloid  is  modified  smallpox — the  result  of  (a)  a  previous  attack, 
(b)  inoculation,  (c)  vaccination.  In  this  variety  of  the  disorder  the 
febrile  movement  is  usually  moderate,  and  there  is  little  or  no  sec- 
ondary fever — a  condition  which  will  be  afterwards  explained. 

Definition. 

An  acute  specific,  infectious  febrile  disorder,  setting  in  suddenly 
with  chills,  headache,  backache  (severe  pain  in  the  lumbar  and  sa- 
cral regions),  sweating,  vomiting,  and  tenderness  on  pressure  in  the 
epigastrium.  Smallpox  is  characterized  bj'  a  certain  tyjiical  range  of 
temperature,  a  specific  infiammatiou  of  the  skin  (dermatitis),  and  often 
one  of  the  mucous  membranes  also.  An  early,  or  prodromal,  fever 
of  short  duration  and  a  continued  type  is  followed  by  a  remission,  to 
which  in  turn  succeeds  a  secondary  fever,  relapsing  in  character  and 
more  or  less  prolonged  in  proportion  to  the  amount  of  suppuration 
that  is  present.    The  dermatitis  is  shown  by  the  development,  usu- 
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ally  on  the  third  day,  of  a  papular  or  pimply  rash,  which  quickly 
becomes  vesicular  and  finally  (in  many  of  the  severer  cases)  pustular. 
In  this  stage  there  is  often  great  swelling  of  the  face,  hands,  and 
feet.  The  appearance  of  the  rash  is  followed  by  a  fall  of  tempera- 
ture, but  a  secondary  fever  accompanies  the  development  of  pustulen 
at  the  end  of  the  first  week.  These  pustules  finall.v  dry  up  (desicca- 
tion) and  form  foul-smelling,  highly  infectious  crusts  or  scabs,  which 
are  shed  or  cast  off  about  the  eighteenth  day.  The  disease  is  nut 
infrequently  complicated  with  hemorrhages  into  the  skin  ( purpuric 
smallpox)  and  from  the  mucous  membranes  (hemorrhagic  smallix>x). 
These  hemorrhages  may  occur  early  and  interfere  with  the  develop- 
ment of  the  true  smallpox  eruption ;  or  late,  constituting  Variola  furm- 
orrhagica  pmtulosa  (Curschmann).  Secondary  infections  are  apt  to 
accompany  or  follow  the  disease,  leading  to  dangerous  complications 
or  sequelse. 

History. 

The  origin  of  smallirax  is  unknown.  Its  native  foci  may  be  looked 
for  in  India  and  in  the  countries  of  Central  Africa  (August  Hirsch). 
From  these  original  seats  its  diffusion  over  the  earth's  surface  han 
been  brought  about  by  successive  importations  of  the  morbid  poison. 
At  the  present  time  the  dominion  of  smallpox  extends  over  almost  the 
whole  inhabited  globe,  and  only  a  few  isolated  regions  still  enjoy  a 
complete  immunity  from  it.  According  to  Holwell,'  traditions  have 
existed  in  the  Brahmin  ciustw  from  time  iiunieniorial  couceniiug  the 
previileuu'  of  smallpox  in  India.  There  has  existed  in  that  country 
from  the  earliest  times  the  temjjle  worship  of  a  deity  whose  protet-- 
tiou  and  helj)  were  invoked  on  the  epidemic  outbreak  of  the  dis«»aKe. 
In  the  Athnrva  Veda  a  description  of  tliis  temi)le  servic<^  is  containeil, 
together  with  the  prayers  used  by  tiie  Bnihuiins  at  the  iucx-ulatiou 
with  sniall])ox,  which  has  been  practised  there  from  the  reniot»^t 
autifpiity.  Wise,  in  his  "Ooinnieutary  on  the  Hindu  System  of 
Medicine,"  ^ivt's  a  sketch  from  the  oldest  Sanskrit  writings  on  uuhM- 
cino  (the  Cliarika  .'lud  Susrutu)  of  the  spotted  and  pustular  skin  dis- 
eases, and  among  them  of  tlie  smallpox,  which  he  is  convinced  had 
been  pn'valent  in  India  from  a  very  remote  period.  In  a  pai>er  en- 
titled "Marwar,  the  Land  of  Death,"  the  late  Sir  \V.  J.  Moore. 
K.C.l.E..  wrote  many  years  ago:  "The  ])eoj>le  firmly  l)elieve  variola 
to  1k'  under  the  control  of  the  goddess  Matha,  in  whose  honor  temples 
alxmnd  throughout  Marwar  and  faii>t  are  even  held  at  Joud|MMir. 
N»>ar  the  latter  city  is  a  space  of  ground  tilled  with  tre<'s,  calletl 
'  Kagli  ka  IJagh,'  and  <'ont«iningthe  '  Setla  Deir '  (or  snialliKix-g<Kl's 
Hhiiiie).     In  the  numth  of  March  a  )iirl<i  i.s  held  here  in  honor  of 
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Malba,  and  tliousauds  of  women  and  childi-en  attend  with  offerings 
for  the  goddeaa.  The  declivitiea  of  most  of  the  mimprous  conical 
Lills  present  either  a  reddened  stone  or  a  temple  devoted  to  Miitha, 
with  most  probablj-  an  attendant  Brahmin  priest.  Nearl.y  every  vil- 
lage haa  ita  goddoas  of  smallpox  in  the  immediate  locality,  and  a 
large  piece  of  ground  ia  esteemed  aa  holy,  and  called  '  Matha  Ka 
Than.'" 

In  his  work  on  "Climate  and  Medical  To]>figraphy  in  their  Rela- 
tiou  to  the  Disease-Distribution  of  the  Himalayan  and  Siib-Hinia- 
layan  Districts  of  British  India"  (London,  1880),  Dr.  F.  N.  Macua- 
mara  tells  us  that  the  mortality  from  smallpox  has  vastly  decreased 
of  late  years  (he  wrote  in  187'J)  in  the  province  of  the  Punjab.  This 
result  must  be  ascribed  to  the  active  operations  of  the  Vaccine  De- 
partment and  the  steady  subsidence  of  the  prejudice  against  vacciua- 
tiou  in  most  of  the  districts.  To  the  latter  factor  there  is  one  notable 
exception.  In  the  districts  of  Goorgaou,  Kuruaid,  Eohtuck,  and 
Hissar,  situated  along  the  Jumna  River,  in  the  southeastern  angle  of 
the  province,  smallpox  still  rages.  In  these  districts  an  unabated 
opposition  to  vaeciuation  ia  due  to  the  preponderance  of  the  Hindoo 
element  in  the  [lopulation.  lu  Cloorgaou  is  a  fainous  temple  to  Seetla, 
the  goddess  of  smallpox,  to  whom  thousands  of  victims  are  literally 
sacrificed  year  by  year.  The  Sanitary  Commissioner  of  the  Punjab, 
in  his  Sanitary  Report  for  1H77,  shows  that  of  the  total  deaths  fnun 
small])OX  during  that  year — namely,  I'i.'iilfi— '2,*,)H4  occurred  among 
children  under  one  year  of  age,  9,835  among  children  aged  Iwtweeu 
one  year  and  twelve  years,  ami  only  517  were  among  adulta. 

Dr.  de  Renzy,  in  his  rejxjrt  for  1S73,  points  nut  that  the  disease 
year  by  year  attains  its  maximum  of  fatality  in  May,  aud  then 
steadily  declines  until  the  minimum  is  reached  in  October,  when  it 
again  l>ecomes  gradual!}'  more  fatal  mouth  by  mouth  until  the  maxi- 
mum is  reached. 

An  eipially  great  auti(]uity  for  the  diffuainu  of  smallpox  iu  China 
was  claimed  by  James  Moure,  of  Gla-sgow,  the  historian  of  the  dis- 
ease at  the  beginning  of  the  nineteenth  century,"  on  the  authority  of  a 
Chinese  treatise  written  long  before  Clirist  aud  entitled  "  Teontahiufa" 
("  Heart  Words  on  the  Snuillpox").  In  this  work  the  first  ai>iH-aranc6 
of  the  disease  iu  China  is  referred  to  the  time  of  the  Tsche-u  dynasty, 
or  the  period  between  1122  and  '24'.'  n.i'.  In  a  short  article  ou  "  Small- 
pox iu  China,"  '  Mr.  F.  Porter  Smith  tells  us  that  tlie  diaeasf  dates 
from  the  reign  of  the  first  emperor  of  the  (Eastern)  Han  dynasty, 
Kwaug  Wu,  who  reigued  A.n.  2.5-28.  It  is  said  to  have  lieen  im- 
ported from  some  i>art  of  Central  Asia  or  of  Southwestern  China  by 
Chinese  troops  returning  from  a  campaign.     Certwin  it  is  that  inocu- 
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lation  has  been  practised  among  the  Chinese  for  a  thousand  years  or 
more.  Lagarde*  puts  the  antiquity  of  smaIli>ox  in  China  at  upwards 
of  two  thousand  years.  According  to  F.  Porter  Smith,  the  disease 
is  called  in  Chinese  Tien-hwa,  which  means  "the  heavenly  flower," 
and  it  has  been  deified,  temples  being  erected  in  all  parts  of  the  em- 
pire in  honor  of  the  gotldess,  who  bears  the  name  of  "  Holy  Mother 
of  Smallpox." 

Hirsch  confesses  that  the  question  of  the  antiquity  of  smallpox  in 
African  countries  is  entirely  beyond  our  answering ;  nor  on  Eiiroiieau 
soil  can  the  occurrence  of  the  disease  be  traced  back  with  certainty 
beyond  the  Christian  era.  It  is  generally  believed  to  have  first  shown 
itself  at  Pelnsinni  in  Egypt,  a.d.  544  (Procopius :  "  De  Bello  Persico," 
Lib.  ii.,  ca]>.  22),  and  to  have  thence  s])read  over  Egypt,  Syria,  an«l 
Asia  Minor.  According  to  Curschmann'  this  view  must  lie  almndontHl. 
for  the  epidemic  in  (juestion  has  come  to  be  regarded  as  one  of  true 
bubonic  i)lugue.  The  diffusion  of  smallpox,  eastward  and  westwanl, 
was  probably  effected  by  the  Saracen  armies,  led  forth  to  conquest 
by  Mahomet  at  the  era  of  the  Hegira,  a.d.  622.  But  many  years 
prior  to  this  date,  in  a.d.  .581,  we  have  an  account  by  Gregory  of 
Tours  of  an  epidemic  w^hich,  from  the  description  of  that  chronicler. 
Curschmann  considers  was  certainly  smallpox.  It  raged  over  almost 
the  whole  of  southern  Enrojie  and  was  described  as  "  Lues  cum  veai- 
cia,"  "Pustula,"  "Pustultr,"  or  "Morbus  disentericus  cum  pustnlis." 
The  real  bnlxmic  ])lague,  wliich  broke  out  at  Narlwnne  in  the  year 
58*2,  was  carefull\  distiiiguislK^d  from  it  by  (xregory,  under  the  nam«> 
"Morbus  inguiuariuH."  A  few  years  previously  also,  a.d.  .570.  an 
epidemic  of  smiiUpox  was  widely  prevalent  in  France  and  Italy.  Tliix 
was  (loHcribetl  by  Marius,  of  Avenohes,  who  uses  the  term  "variola" 
for  the  first  time  to  designate  the  disease.' 

To  tlie  .\rul)iaiis,  and  among  them  es])ecially  to  Rha7.es  (a.d.  '.¥10), 
we  owe  th<>  first  rt'liablc  and  .scientific  description  of  sniall]>os.  lu 
his  treatist'  "Dc  Variolis  et  Morbillis,"  Rhazes  conveys  that  Galen 
was  familiar  with  the  dis(>ase,  and  he  (piotes  fragments  from  the 
"Pandects"  of  tlic  .Mcxandrian  i)hysician,  Ahron,  dating  from  tlie 
fiftli  or  sixth  ('(Mitury,  which  go  to  i>rove  that  he  t<w  was  well  ac- 
qnaint«Ml  with  it. 

.Viiioiig  Latin  writers  on  smallpox,  the  first  of  any  authority  was  a 
Salorniaii  j)hysiiian,  C'onstantinus  Africanus  by  name,  a  native  of 
Carthage,  who  had  l>een  educated  in  Arabian  schools.'  He  was  the 
first  to  restrict  tlie  word  "variola"  to  smallpox.  A  diminutive  of  the 
Latin  "varus,"  a  j>inii)le,  the  term  had  jireviously  l)een  used  todemtte 
other  skin  affections  than  smallpox  which  were  attended  by  the  for- 
mation of  papules  and  pustules. 
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The  disease  invaded  the  British  Islaiius  a  some  time  -etween  the 
tenth  (viid  thirteenth  centuries.  Curschiuanii  gives  the  date  as  1241- 
42.  Ralph  Holinshed,  who  ih>scribed "  a  great  epidemic  which  iifcnrred 
in  the  reij;n  of  Edward  EQ.,  writes:  "Also  manie  died  of  the  small 
jxikkes,  Ixith  men,  women,  and  children."  In  the  Netherlands  the 
first  account  of  it  comes  down  from  the  tenth  century.  lu  Denmark 
it  must  have  been  already  prevalent  iu  the  thirteenth  century,  for  Ice- 
land received  the  infection  from  that  country  in  1306  (Hirsch  t.  Ger- 
many and  Sweden  l)ecanie  infected  towanln  tiie  close  of  the  fifteenth 
century.  In  Eurojia  generally  smallpox  was  one  of  the  most  widely 
distrilwted,  iinist  freijneut,  and  most  destructive  nf  pe.stilences  u]>  to 
the  introduction  of  vaccination  at  tlie  clnme  of  the  eighteenth  ceutiiry. 

Lord  Macauhiy,  writing  of  the  death  <>f  Queen  Mary  in  lfi!)4,  thus 
descrilies  the  ravages  of  smallpox  :  "  Tliat  disease,  over  which  science 
has  since  achieved  a  succession  of  ghirious  and  iM-uelicent  victories, 
was  then  the  most  terrible  of  all  the  ministers  of  death.  The  havoc 
of  the  phigue  had  been  far  more  rapid;  but  the  j>higue  had  visited 
our  shores  only  (mce  tir  twice  within  living  memory  ;  and  the  sniall- 
I»ox  was  always  present,  filling  the  churchyards  with  cor]>se8,  tor- 
menting M'ith  constant  feai-s  all  wlioiu  it  had  unt  yet  stiicken,  leaving 
on  those  whose  lives  itsjiared  the  hideous  traces  of  its  pnwer,  turning 
the  ball©  into  a  changeling  at  which  the  mother  shudih'red,  and  mak- 
ing the  eyes  and  cheeks  of  the  betrothed  maiden  ol  ijects  of  hori'or  to 
the  lover." 

The  Western  Hennsidiere  received  the  infection  fii-st  in  1507,  fif- 
teen years  after  the  discovery  of  America  by  r]iristo|>her  Cohiinlnis. 
Mexico  was  devastateil  by  the  malady  iu  1520  after  the  arrival  of 
troops  from  Spain.  It  was  not  until  the  seventeenth  century  that  the 
United  States  were  reached  b>  smalljiox.  Australia  enjoyed  com- 
plete immunity  from  its  ravages  until  1HH8,  when  it  was  im]iorted 
into  Sydney,  prolmbly  from  China.  It  did  not  spread  extensively, 
and  the  Australian  colonies  are  now  practically  free  from  the  disease. 
Tasmania  and  New  Zealand  have  never  suftVroil  frum  it,  but  it  hiis 
ragetl  from  time  to  time  iu  many  of  the  island  groups  of  Polynesia. 
Into  South  America,  and  particularly  into  (iniana  and  Brazil,  small- 
pox has  l>een  nmre  tlian  once  introduced  by  ncgni  slaves  frnin  Africa. 
Brazil,  La  Plata,  t'hili,  and  Peru  Jiave  all  from  time  to  time  sufl'ered 
severely  from  its  ravages.  In  Chili  it  is  known  to  the  people  as 
"peste,"  '-'i-'  i^"XV'  (Fournier") . 

All  authors  C(mcur  iu  testifying  to  the  dreadful  mortality  occa- 
sioned iu  all  countries  by  snndlpox  in  ]>re-vaccinatiou  times,  and  to 
the  consequent  terror  wliich  its  visitations  everywhere  excited.  In 
the  Middle  Ages  its  death-toll  could  be  counted  by  millions.     Before 
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the  introduction  of  vaccination— a  little  more  than  a  oeoftoxy  ago 
(1796)— the  annual  rate  of  mortality  from  the  diaeaae  in  England 
and  Wales  alone  was  three  thousand  in  every  million  of  tiie  popula- 
tion. In  1890  smallpox  caused  only  fifteen  deaths  in  England,  and 
the  average  annual  number  of  deaths  from  it  in  the  ten  years,  1881-90 
inclusive,  was  1,227.8 — that  is,  but  one-seventieth  part  of  the  death- 
rate  of  pre-vaocination  times. 

Etiology. 

To  Boerhaave,  of  Leyden,  belongs  the  credit  of  first  assigning 
contagion  as  the  proper  exciting  cause  of  smallpox.  Hirsch  is  of 
opinion  that  there  are  two  &ctors  only  which  determine  the  recur- 
rence of  an  epidemic  of  smallpox :  on  the  one  hand,  the  neoessaiy 
number  of  persons  susceptible  of  the  morbid  poison,  and  on  the  other 
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hand,  the  introduction  of  the  specific  virus  itself.  The  malady  shows 
a  singular  iudopendeuce  of  climate  and  soil,  thriving  equally  well 
whithersoever  its  coutagium  is  carried,  and  wherever  it  finds  a  popn- 
lation  oi)eu  to  its  reception,  being  unprotected  by  a  previous  >'i8ita- 
tion,  by  inoculation,  or  by  vaccination.  It  is  this  latter  circumstance 
which  explains  the  periodicity  of  smallpox  epidemics  in  various  dis- 
tricts or  places. 

Although  the  incidence  of  smallpox  is  apparently  independeitt  >/ 
clvmite,  yet  the  Kcaiton  of  the  i/eur  has  a  marked  influence  upon  the 
prevalence  of  the  disease.  Nearly  all  writers  are  agreed  that,  while 
outbreaks  of  HiiiHllpox  may  occur  at  all  seasons,  they  mostly  liegin 
towanls  the  end  of  autumn  and  in  the  early  spring,  or  in  tlie  cold 
season.  In  a  word,  smallpox  is  essentially  a  Jisetue  of  winter  ami 
nprinij.  In  the  British  Lslands,  and  WeHt*»m  Europe  generally,  for 
example,  tlie  montliiy  num1)or  of  cases  is  high  from  November  on- 
wards; but  from  May  a  ra]>id  decline  in  the  prevalence  of  the  disease 
takes  place,  the  legist  unml)er  of  cases  l)eing  observed  in  Septemlier. 

The  accompanying  diagram  (Fig.  1)  is  copied  from  tiie  annnal 
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Bummary  of  births  and  ileaths  of  the  registrar-general  for  Enghiud 
for  1890.  It  abowa  the  weekly  dejiarture  from  the  average  weekly 
number  of  deathn  from  smallpox  (seventeen)  in  Loudon  iu  the  fifty 
years,  1841-1890,  inclusive.  In  this  diagram  the  thick  horizontal 
line  repreaentH  the  mean  weekly  mortality  from  smallpox  iu  Lon- 
don (seventeen),  on  the  suppositiim  that  the  mortiility  is  spread 
e<iually  over  the  fifty-two  weeks  of  the  year,  the  fifty -third  we*k, 
when  it  ot'curs,  being  ignored.  The  curved  line  rp|iresents  the  aitiouut 
percent,  by  which  the  average  mortality  iu  eacli  week  tlitferw  fmtu 
this  mean.  When  the  jierceutiige  for  any  week  is  above  the  mean, 
the  amount  of  the  jierceutage  excess  is  marked  above  tlie  hori/.oiitid 
line  represeutiug  the  iiieau,  and  when  the  percentiige  is  below  the 
mean,  it  is  marked  below  the  line. 

It  must  l>e  remembered  that  tlie  data  on  wliich  the  curve  is  formed 
are  the  deaths  registered  iu  each  week,  not  tlie  deaths  which  occurred 
in  the  week,  and  that  the  registration  is  usually  a  few  days  after  the 
date  of  death;  and,  secondly,  that  the  curve  relates  to  deaths — that 
is,  the  final  termination  of  tlie  attack  of  illness,  ami  not  its  commeuce- 
ment.  So  that,  in  estimating  the  eff'ect  of  seascm  in  geueratiug  small- 
pas,  allowance  must  be  made  for  the  average  duration  of  tliis  disease 
wheu  fatal — that  is,  eleveu  or  twelve  days.  It  is,  moreover,  possible 
that  the  cur\-e  of  mortality  may,  for  auother  reiison,  not  accurately 
represent  the  curve  of  prevalence.  For  it  nmy  be  that  au  attack  of 
8malli)OX  is  more  likely  to  terminate  fatally  if  it  occurs  at  one  season 
— for  examjile,  nudwinter — than  if  it  occurs  at  another,  such  as  mid- 
suramer. 

The  diagram  shows  that  at  the  Ijegiuning  of  February  aud  iu  the 
second  half  of  May  the  weekly  uumber  of  deaths  was  thirty-tive  per 
cent,  in  excess  of  the  average  weekly  uumber  of  seventeen  deatlis 
represented  by  the  mean  line,  whereas  at  tlm  eml  of  Sejitember  there 
was  a  deficit  of  forty-three  per  cent,  in  the  weekly  number  of  deaths 
as  compared  with  the  same  average  weekly  nuudn-r  over  the  whole 
year. 

In  Dubliu,  during  the  autumn  of  1871,  the  prevalence  of,  and 
mortality  from,  smallpox  iucrcased  with  a  fall  of  uiean  temjieraturo 
below  oO''  F. ,  aud  the  greatest  severity  of  the  epiileuiic  was  cx]3erience<l 
in  the  first  half  ()f  the  following  April,  shortly  after  a  period  of  in- 
tense cold  for  the  time  of  year.  With  the  rise  of  mean  temperature 
to  between  55"  aud  (10"  iu  the  tjiiddlc  of  Juue,  1872,  the  epideuiic  de- 
clined rapidly.  Abundant  rainfalls  st*med  to  lie  followed  by  remis- 
sions in  the  severity  of  the  ejiideniic,  and  the  cf)uverse  was  also  true." 

Dr.  Alexander  Buchaii  and  Sir  Arthur  Mitchell,  of  Edinburgh, 
say  that  the  curve  for  smallpox  is  one  of  the  simj/lest  of  the  curvee 


396  MOOBE— SMALLPOX. 

showing  that  the  mortalit}'  from  the  disease  is  above  the  avetage 
from  Christmas  till  the  end  of  June,  the  maximum  falling  in  the  last 
week  of  May,  and  the  minimum  in  the  last  week  of  September. 

From  statistics  as  to  the  prevalence  of  the  disease  in  Sweden,  by 
months,  in  the  years  1862-69  inclusive,  it  appears  that  the  greatest 
prevalence  of  smallpox  is  observed  in  May,  the  cases  in  fbat  month 
being  13.7  per  cent,  of  the  total  cases  occurring  in  the  year;  while 
the  least  i>revalence  is  observed  in  September,  when  only  3.9  per  cent, 
of  all  the  cases  in  the  year  occur.  From  November  the  monthly  num- 
ber of  cases  is  high,  but  from  May  a  rax>id  decline  in  the  jirevalenee 
of  the  disease  takes  place. 

These  statistics  were  compiled  from  exhaustive  annual  reports  by 
the  late  Dr.  Wistraud,  as  to  the  morbidity  of  Sweden,  and  are  the 
direct  fruit  of  an  admirable  system  of  disease-registration,  which 
has  been  in  oi)eration  for  many  years  in  Sweden,  and  also  in  the 
other  Scandinavian  countries. 

When  due  allowance  has  been  made  for  difference  of  climate, 
these  results  agree  very  closely  with  the  observations  which  have 
been  recorded  in  this  country  on  the  relation  of  smallpox  to  season. 
The  late  Dr.  Edward  Ballard,"  commenting  on  the  ejndemic  of  1870- 
71  as  observed  in  London,  wrote : 

"  There  is  some  reason  for  l^lieving  that  the  variations  of  the  epi- 
demic (of  smallpox)  from  week  to  week  are  influenced  to  a  certain 
extent  l)y  atmospheric  conditions  and  more  esi)ecially  by  variation  in 
temi)eratur<\'" 

Ho  thon  <iuot<Hl  a  series  of  romarkable  coincidences  l)etween  the 
fluctuations  of  moan  tonii>eratnro  and  those  of  the  smalliM)x  mortality 
in  London  daring  tho  winter  of  1870-71.  In  the  number  of  the  same 
journal  for  May  IHtli,  1871,  ho  wrote: 

"Tho  opidoinii^  luis  now  lasted  a  good  six  months.  It  may  l>o 
regarded  as  assuming  a  distinctly  epidemic  form  in  Noveml)er,  shortly 
after  tho  mean  tonii)orature  of  tho  air  had  fallen  decidedly  lielow  .50  . 
In  tho  ]iri)gross  <if  tho  seasons  we  have  now  arrived  at  a  time  when 
this  moan  toiiij>oraturo  is  again  reached.  The  mean  temi>erature  of 
tho  last  throo  wooks,  as  recorded  at  Grooi'wich,  has  l)een  50^,  "(0.7  . 
ami  4'.*. 7  .  It  is  customary  about  the  second  week  in  May  for  somo 
chock  in  tho  ooiisocutivo  wookly  ris<>s  of  temperature  to  take  place, 
but  after  this,  in  tho  ordinary  or  average  progress  of  events,  the 
Ht<>ady  rise  towards  the  suninior  tomi)oraturo  may  be  ex|)eoted  to  set 
in,  and  with  it  there  is  at  least  a  hope  that  the  e])idemic  will  J)egin 
to  fade." 

A  week  later,  tho  same  writer  said : 

"  The  sudden  fall  of  deaths  in  Lcmdon  from  smallpox  which  <k'- 
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curred  last  week,  uamely,  from  two  bmidred  and  eighty-eiglit  to  two 
hundred  imd  thirty-two,  occurring  about  thres  weeks  after  the  mean 
tenii>eratiire  of  50'  was  reached,  appears  to  be  coulirmatory  of  the 
favorable  hojies  we  expressed  hist  week,  tliat  the  epidemic  had,  for 
this  seasou,  arrived  at  its  climax." 

And  so  it  had,  for  although  tlie  decline  wuh  occasionally  inter- 
rupted, the  virulence  of  the  eiiidemie  was  broken  in  May,  in  accurate 
fuMlmeut  of  the  auticii)ationK  wjiicji  had  been  gnamded  on  a  cou- 
sideratiou  of  the  influence  of  teiupeiature  on  its  progress. 

From  the  foregoing  observations  it  would  apjiear  that  the  critical 
mean  temperature  iu  regard  to  smallpox  i.s  50  F.  When  the  mean 
falls  below  that  value,  tiie  disease  spreads;  wlieu  it  rises  above  it, 
the  di.jease  wanes.  The  explanation  is,  no  doubt,  t(t  be  found  in  the 
fact  that  defective  ventilation,  overcrowding,  and  deficient  nutrition 
wait  upon  cold  weatlier,  and  these  are  the  most  jinwei-fnl  ]>redispos- 
iug  causes  of  small]»ox  no  less  than  of  typhus. 

Individual  susceptibility  to  the  poiscui  of  smallpox  extends  to  the 
whole  of  mankind,  but  experience  shows  that  the  colored  races,  and 
particularly  the  negro  race,  are— otjjer  things  being  equal — in  greater 
risk  from  smallfiox  than  the  whites."  Not  only  in  their  own  country, 
but  in  foreign  laiuls  also,  the  l>la<'ks  retain  tliis  peculiar  seusitiveness 
to  smallpox  contsigion  (Curschmann). 

The  suHceiitibility  to  the  disease  extends  to  all  periods  (if  life, 
although  infants  at  the  breast  seem  to  l>e  less  prone  to  contract  it 
thaii  childi'eu  over  one  year  old.  Even  intrauterine  life  does  not 
preclude  the  risk  of  infection.  Curachniaun,  in  his  masterly  mouo- 
graph  iu  von  Ziemssen's  "  ('ycloi>fedia  of  the  Practice  of  Medicine," 
cites  a  remarkable  insbiuce  which  would  go  to  prove  that  iu  such 
cases  iufeotiou  takes  place  rather  by  sinijile  contact  than  through  the 
mother's  blood.  A  woman  servant,  aged  twenty-two,  iu  the  tifth 
month  of  her  first  pregnancy,  sufi'ered  frnni  varioloid  fmni  NovemlxM- 
28tb  to  December  12th,  1870.  (Jn  Dccendier  2Hth  f.etal  movements 
suddenly  cea.sed.  (Ju  the  31st  a  five  to  six  months'  cliild,  evidently 
already  some  days  dead,  was  born.  It  presented  a  well-formed 
8malli>ox  rash  in  the  stage  of  suppuration,  covering  tlie  whole  boily 
—  least  marked  <>n  the  face  and  most  abundant  on  the  liack  and  but- 
tocks. The  apjiearanees  were  such  as  to  place  the  time  of  death  (on 
December  28th)  somewhere  between  the  sixth  and  eightli  days  of 
the  disease.  This  would  give  an  incubation  of  at  least  ten  to  fmir- 
teen  days,  on  the  assumption  that  infection  occurred  towards  the 
close  of  the  mother's  attack.  Smallpox  lias  been  observed  as  early 
as  the  fourth  month  of  embryonic  life.  Cui-schmann  can  vouch  for 
its  ain>earaDce  at  the  fifth  month  of  gestation  from  his  own  obser^-a- 
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tion.  Occasionallj  an  apparently  healthy  mother  (not  attacked  by 
smallpox  daring  pregnancy)  has  given  birth  to  a  child  affected  with 
that  disease.  The  fcetos  has  become  infected  through  the  exposure 
of  a  mother  personally  immune  at  the  time.  This  is  a  possible  ex- 
planation, bat  Gorschmann  considers  that  some  of  these  infrequent 
cases  may  be  explained  on  the  hypothesis  that  the  mother  suffered 
from  Variola  sine  exanthemate,  and  so  became  the  source  of  infection 
to  the  child. 

Sex  does  not  appear  to  be  an  energetic  predisponent  to  the  disease, 
but  males  are  on  the  whole  attacked  more  commonly  than  females — 
no  doubt  because  they  are  more  exposed  to  the  danger  of  infection  in 
their  several  callings.  Dr.  John  MacCombie,  in  his  article  on 
"SmaUpox"  in  Clifford  Allbutt's  "System  of  Medicine"  a897),  gives 
the  following  table,  showing  the  sex  and  numbers  of  smallpox  patients 
at  different  quinquenniads  ui>  to  twenty-nine  j'ears  of  age  ("  Metro- 
politan Asylums  Board  Reports, "  London). 

Agr.  Male.  Female. 

Under  5  years 799  717 

5  to   9     "     1.211  1.209 

10  "  14     -     1,659  2,029 

15  "  19     -     2.389  2,087 

20"  24     "      2,20«  l.SW 

25"  29     "     1.887  S41 

80  years  and  upwards 2,076  1,489 

ToUl 11.676  10.021 

Pregnaunj  and  childbirth  do  not  materially  predispose  to  small- 
pox, but  in  these  physiological  conditioua  the  disease  is  apt  to  assume 
a  severe  tyi)e. 

There  is  no  reason  to  doubt  the  occasional  coexistence  of  small- 
pox with  either  an  acute  or  a  chronic  preexisting  malady,  but  the 
occurrence  is  rare.  It  is  certain  that  the  i)rodromal  accidental  rashes 
of  HnialliM>x  Iwive  sometimes  l>een  mistaken  for  either  scarlatina  or 
measloH.  Cursclimaun  asHcrts  rather  dogmatically  that  for  an  indi- 
vidual suffering  from  soarlet  fever,  measles,  or  typhoid  fever,  there 
is,  thr<)Ugli()ut  the  entire  duration  of  the  affection,  (mlj'  a  very  slight 
liability  to  an  attack  of  variola.  His  own  exjwrience,  however,  in  the 
hoH]>itaI  at  Mayence  goes  to  show  that  convalescents  from  tyj)hoid 
fever  are  distinctly  susceptible  to  variolous  poisoning.  The  same  is 
probably  tnie  of  ccmvalescents  from  other  infective  diseases.  The 
susceptibility  of  healthy  individuals  varies  remarkably  from  time  to 
time,  even  indepen<l«»ntly  of  vac<"ination  or  inoculation. 

In  general,  one  attack  of  small])ox  confers  u])on  an  individual  a  life- 
long immunity  from  a  second.     But  this  is  not  universally  true,  nor 
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can  it  be  admitted  that  a  second  attack,  when  it  does  occnr,  is  neces- 
sarily milder  than  the  first.  LKjais  XY.  of  France  bad  smallpox 
when  a  lad  in  his  fourteenth  year.  He  died  of  a  second  attack  in  his 
seventy-fourth  year.  Trousseau  mentions  the  case  of  a  medical  stu- 
dent who,  though  he  bore  the  marks  of  two  attacks  of  small^tox,  took 
it  a  third  time  and  that,  too,  in  a  rather  severe  form. 

Bacteriologt. 

The  ixtusa  caiisatis,  or  exciting  cause,  of  smaUpox  is  the  introtluc- 
tiou  into  the  system,  by  iorx-ulation,  inhalation,  or  jjoesibly  swallow- 
ing, of  the  specific  virus  or  couta^nm  of  the  disease.  This  we  are 
letl  by  analogy  to  regard  as  microbic  in  its  nature.  But  even  at  the 
time  of  writing  (Ift'.lTi,  we  are  obligeil  to  admit  that  the  bacteriology 
of  variola  is  as  yet  incomplete.  According  to  Edgar  M.  Crookshank, " 
cocci  .5  /(  in  diameter,  singly,  in  pairs,  and  in  long  or  short  chains 
and  colonies,  have  been  found  by  Cohn  in  the-  fresh  lymj'h  of  liuaian 
vaccina  and  cowpox,  and  in  the  pustules  of  true  smalli)ox.  They  are 
regarded  aa  the  ac-tive  ]iriuci|)le  of  vaccine  lymjih,  since  filtration  de- 
prives this  of  its  infectious  element  (Cliauveau).  The  I^gius  Pro 
fessor  of  Medicine  in  the  I'niversity  of  Oxford,  Dr.  Burdon  .Sander- 
son, confirmed  this  observation.  The  lymphatics  of  the  skin  in  the 
region  of  the  pu.stulp  of  l>oth  human  smallpox  and  sheeji-iKJX  (  V/iri- 
olo  oi-iiia)  are  fiUed  with  cfx?ci  (Weigert  and  Klein).  Successful 
vaccination  has  been  stated  l>y  Quist  to  result  from  artificial  cultiva- 
tions. These  cocci  have  been  called  Streptococcus  variolfp  et  vacciuie. 
Ltjeif  and  PfeifFer  have  discovered  in  the  blood  of  small[)ox  patients 
certain  protozoa,  to  which  they  attribute  a  jmthological  significance." 

In  the  report  of  the  medical  officer  of  the  Local  Government 
Board  (England)  for  1892-93,  Dr.  E.  Klein  descrilted  a  j)eculiar  ex- 
tremely minute  bacillus,  or  roil-shappd  microorganism,  as  occurriug 
in  calf  lymjdi  and  in  human  variola  lymjib  during  tlie  early  pliiuses 
— in  the  calf  lymph  seventy-two  to  ninety-six  hours  aft.»'r  vaccination, 
in  the  human  variola  lymph  during  the  third  or  fourth  day.  In 
both  iuiitances  the  ]ym]>]i  was  collected  aspjitically.  In  the  bacilli, 
when  abuudaut,  forms  were  recognized  in  which  some  globules  re- 
sembling spores  existed.  Calf  lymjdi  of  later  stages  (five  or  six  days 
old)  showed  no  Imcilli,  or  only  here  aud  there  u  trace.  The  jireseiice 
of  these  spore-like  bodies  aud  the  absence  of  bacilli  in  the  lyuijth  of 
later  stages  led  Klein  to  conclude  that  in  smalljiox  and  the  vac- 
cine disease  we  have  to  deal  with  a  spore-formiug  bacillus.  The 
bacilli  multiply  in  the  early  phases,  spores  are  then  formed,  aud  it  is 
these  which  prevail  in  the  lymph  of  the  later  phases.     Tliia  would 
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explain  the  preservation  of  the  active  principle  of  vaccine  lymph  in 
glycerin,  which  is  a  germicide  for  cocci  and  sporeless  bacilli,  bnt 
not  for  spores.  It  would  equally  explain  the  continued  activity  of 
vaccine  lymph  dried  on  ivory  or  bone  points,  for  such  prolonged  dry- 
ing would  kill  all  but  s]>ores. 

Dr.  Klein's  researches  have  apparently  been  confirmed  and  his 
\'iews  have  received  independent  support  through  investigations  car- 
ried out  by  Dr.  J.  Christian  Bay,  of  Des  Moines,  Iowa,  bacteriologist 
to  the  Iowa  State  Board  of  Health.  This  observer  has  obtained  fmm 
vaccine  lymph  cultivations,  in  beef  bouillon  (one  pound  of  meat  to 
one  litre  of  water)  rendered  alkaline  with  sodium  chloride,  of  color- 
less, non-motile  bacilli,  with  a  long  diameter  measuring  from  .0  >>  to 
1  ;',  and  the  short  diameter  from  .2  /<  to  .3  //.  This  organism  was 
found,  with  three  exceptions,  iu  examinations  of  sixty-five  cultures 
from  vaccine  x)oints.  These  bacilli  bear  spores  from  an  early  stage 
of  their  development.  Each  organism  contains  two  spores,  one  at 
each  end.  As  this  is  the  most  conspicuous  feature  of  the  or- 
ganism. Dr.  Bay  refers  it  to  the  genus  Dispora,  established  in 
1882  by  Kern,  and  he  calls  it  Dispora  varioke.  The  same  organism 
was  also  found  in  the  lymph  from  a  case  of  confluent  smallpox  in 
the  Smallpox  Hospital,  Chicago.  Of  forty  cultures  in  bouillon 
made  from  this  lymph,  only  two  failed  to  show  Bay's  bacillus. 

Siiiallj)ox  is  a  tyi)ically  infectious  or  catching  disease.  M<wt 
asuiilly  it  spreads  from  i)erH()U  to  person.  It  clings  to  articles  <>f 
furniture  or  of  dress,  which  in  this  way  become  fomites  or  caniers 
of  infection.  It  may  be  conveyed  through  the  medium  of  a  i>ers<)u 
not  himself  ill  of  it.  It  may  l)e  caught  from  the  dead  Ixxly.  "  The 
disperaion  of  the  morbid  poison,"  writes  Hirach,"  "takes  place  either 
by  the  smallpox  patients  themselves,  or  through  the  medium  of  other 
I)er8ous,  or  of  articles  to  which  it  dings.  It  has  l)een  couclusiv«»ly 
proved  by  very  numerous  and  unambiguous  obeen'ations  that  an 
atmosphere  of  smalli)ox  poison  develops  around  the  sick,  esi)eoially 
when  tliey  are  crowded  in  close  rooms;  or,  iu  other  wonls,  that  the 
air  ma,\-  beconn^  a  carrier  of  the  contagion,  so  that  the  latter  can  lie 
spread  by  tlie  atmospheric  currents  within  a  small  range.  There  is 
certainly  no  luatliematioal  expression  Ut  be  found  for  the  extent  of 
tliat  range ;  at  the  utmost,  it  extends  no  farther  than  the  immediate 
surroundings  of  the  sick." 

Although  Hirsch  tliought  that  no  mathematical  expression  can  lie 
found  for  the  extent  of  the  aerial  convection  of  smallpox,  yet  the  ex- 
]M»rience  of  rec«>nt  epidemics  in  the  British  Isles  proves  that  its  ntrik- 
iiitj  iliMtancc  is  considerable,  certainly  much  greater  than  that  of 
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tvplius  fever.  lu  tbe  outbreaks  of  1871-73  aud  of  187G-79,  the  cjiies- 
tiiiii  did  not  perhaps  receive  the  atteutiuu  to  which  it  was  justly 
entitled.  A  local  epidemic  in  Sheffield  iu  1887  and  1888,  however, 
affordetl  au  opporcunity  of  reducing  the  facts  to  a  mathematical 
expression. 

Iu  his  "Manual  of  Public  Health," '"  Mr.  A.  Wynter  Blyth  (jb- 
sen-es :  "  The  usual  spread  of  smallpox  is  from  ijerson  to  person,  but 
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from  inquiries  which  have  taken  phu'o  as  to  the  inHueuce  of  smallpox 
hospitals  upon  a  surrouudiuK  ])opulation,  and  the  oxpericnco  of  the 
Sheffield  ei>idemic  (of  1887-88),  it  is  certain  that  tlit?  infection  ciin 
strike  at  a  distance.  Whether  the  coutatjiouH  particles  aro  conveyed 
by  the  air  itself,  or  by  the  mediniii  of  the  common  household  fly  or 
other  insects,  the  inijiortant  fact  rcinains  tliiit  infection  may  travi-l 
far.  The  iutluence  of  the  Sheffield  HoMjdtal  could  be  distinctly  traced 
for  ft  circle  of  four  thousand  feet;  for  instance,  the  following  percent- 
ages of  households  attacked  at  successive  distances  from  the  hospital 
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are  given  in  the  original  rei)ort  by  the  late  Dr.  F.  W.  Bjirry,"  in- 
spector of  the  Local  Govemmeut  Board  for  England : 


'0-1,000  ft. 

1.75 


1-2.000  ft. 


3-3,000  ft. 
.14 


3-4.000  ft. 
.05 


Elsewbcri-. 
.03 


This  {>o8sibility  of  smallpox  spreailing  by  aerial  infection  iucreaAeii 
greatly  both  the  hospital  difficulty  and  that  of  indiWdual  isolation." 
At  the  annual  meeting  of  the  British  Medical  Association,  hold 


Fill.  3.  -  I'mcnim  slHiwiiiiT  tli>-  Infliit-nfi-  <«f  Iti.-  l<ra<iri>nl  Sinallpnz  HnxpitHl  i>ii  tlii"  .Sum.iiDilir.. 
Nt*i>rhb<n'h«»iMl  in  .Spn^athii^  the  IHstti**. 


at  Bristol  in  lH'.>t,  Dr.  Aniold  Kv.ins,  of  Briidf<)r(l,  Yorkshire,  r»>ad  a 
jiajH-r  iH-fcirc  thi>  Si-ction  i)f  I'liMic  Mcdioint'  on  tho  a<'-rial  couvtftion 
of  .Hiii!ill|>ox.  Tliis  author,  from  his  imtsohuI  observation  of  an  <>ut- 
bifjik  at  Biailfoid  in  l.s'.t;}  contiruKMl  the  i'onclusi<ms  arriv<»d  at  \>\ 
I)r.  IJarry.  lie  siiowi-il  tliat  bftwci-ii  January  14tli  and  D«v»*ml>«*r 
'KUh.  Iw.i:',,  (yi!  liousfs  Ix'i-aiin'  newly  inv.idcd  by  smalli>ox  within  om- 
mil<>  of  flif  I>i':iilford  Kfvi-r  lIos|)ital.  wliicli  was  usetl  during  tin- 
groatvr  part  of  th<>  year  named  for  the  isulation  of  the  disease  in  <{ue»- 
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lion.  The  hospital  is  pleasantlv'  situated  ou  au  eminence  on  the 
eastern  side  of  the  town,  at  au  altitude  of  some  four  hundred  feet 
above  sea  level.  It  covers  about  eleveu  and  a  half  acres  of  ^ound. 
The  one  mile  area  round  the  hospital  contains  over  17,IXH1  houses. 
Of  the  G2()  houses  cewly  invaded,  l(i'2  were  situated  under  a  ciuarter 
of  a  mile  from  the  hospitid,  242  within  a  ring  lietween  a  quarter  and 
half  a  mile  distant  fmm  it,  XKi  in  a  rinj^  within  half  a  mile  and  three- 
jjuai-ters  of  a  mile,  and  50  in  a  riny  within  tliree-ciuaiiers  of  a  mile  and 


Fio.  4.— DUsram  showing  Che  lotlui-ace  nf  Wind  in  [>ia»iniDatlng  Smalli>ox. 


one  mile  from  the  hnsjiital.  The  rate  of  incidence  f)f  smallpox  on 
100  houses  in  the  whole  Imrouj^h  was  l.fi ;  in  the  special  area  boumled 
by  a  circle  of  one  mile  radius  from  the  hospital,  S.fi;  iu  the  other 
parts  of  the  Ijorougli  outside  the  special  area,  0.(5.  The  rate  on  the 
total  houses  within  a  mile  of  the  hosjiital  having  1>eeu  .^.(J  per  cent., 
it  was  10.4  i>er  cent,  on  houses  within  a  radius  of  a  quarter  of  a  mile, 
6.8  per  cent,  within  a  (quarter  and  half  a  mile  distance,  2.1  i)er  cent. 
■within  half  a  mile  and  three-tiuarters  of  a  mile,  and  only  1.0  per 
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cent,  ou  bouses  within  three-<iu0rterH  of  a  mile  and  one  mile  distance 
from  the  hospital. 

Taking  all  things  into  consideration,  it  seems  to  Dr.  Evans  that 
the  most  likely  way  to  account  for  the  extensive  prevalence  of  small- 
pox over  the  sjtecial  area  described  is  that  the  {xiison  was  conveye«l 
aerially  direct  from  the  wards  of  the  hospital.  A  study  of  the  dinn*- 
tion  of  the  prevailing  winds  throughout  the  year  1893  supplies 


Iii.i>M-;t[ii  -(.••Mil!..  'h>'  Itiiliifiic**  of  \\\w\  in  I)isK(riiiinatliifC StualliM'tx. 


striiimlx  oiiitli'iMiitorx  I'viili-ncc  nf  this  \'u'\v.  In  (ird<'r  todiMuoustrato 
tin'  iiilliii-iir.-  ixiitiil  1>.\  tlif  wind  in  tlft<Tniining  wliich  sid<»  of  thi- 
li<>s]iit;il  nciiviii  !'.  .r  tin-  l(>nt,'fst  |"Tiu4l  tlic  inffcted  air  from  thf  lios- 
|iit;il  \v;irii->,  |)r.  I",\;ins  <iivi(li'il  nicli  (|U;irtfr-inilf  zoiio  of  tin-  sjM-cia! 
one-mill'  .'ii'M  inti'  ■iii;i<lr;ints,  l»y  drawinj;  radii  to  nortli  and  sontli,  t» 
•  ■ast  and  \M>t.  Il>- tliu;^  asn-rtaincd  tin-  |ii-rcrntan«' of  infcrtfd  liou>i»'s 
in  t-acli  of  tli>'  I'i'ur  ijiiadrants  l\  inj;  i'i-.|MTtivclv  nortlit^ast,  nortlnv«-st, 
soiitiicast,  an<l  so-itliwcst  of  tlic  hospital.     The  r«'su!ts  aro  striking. 
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In  the  uortbeaat  quadraut,  7.0G  i)er  cent,  of  tlie  houses  were  infected; 
in  the  northwest  quiidrant,  2.40  per  cput. ;  iu  the  southeast  quacb-aut, 
5.28  ])er  ceut. ;  in  tlie  southwest  quadrant,  2.93  per  cent.  A  further 
calculation  also  shows  that  the  percentage  of  infected  houses  in  the 
special  zone  to  the  east  of  the  hospital  amouutod  to  5.fi  per  cent.,  as 
compared  with  2.9  per  cent,  ou  the  wcHt  side.  These  figures  are 
easily  explained  by  the  fact  that  on  two  hundred  and  fifty  days  of 
the  year  the  prevailing  winds  were  westerly,  and  only  on  eighty- 


1  mill- 


Via.  8.— Diagram  showlDg  the  InBiieocc  of  a  Smallpox  HoHpUal  on  tin-  KiirrouDdlog  KeIf;hbor- 
hood  iu  Spreailliif;  the  Disease. 


three  days  was  the  wind  jiersistently  from  the  east.  During  the  first 
half  of  the  year,  when  eiusterly  winds  were  more  common  tliau  during 
the  second  half,  the  proportion  of  cases  occurring  on  the  western  side 
of  the  hospital  wa.s  relatively  greater  than  dimng  the  remainder  of 
the  year,  when  east  ^vindw  were  le.sH  fretpient. 

The  facta  which  have  l>een  quoted  relative  to  the  outbreak  of  1893 
in  Bradford  are  graphifally  .shown  iu  tlie  Figs.  3  and  4,  which  are 
reproduced  from  the  last  edition"'  of  Parkes'  "Hygiene." 

Tlie  following  figures  are  brought  out  iu  a  report  on  the  FuUiam 
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outbreak  by  Mr.  W.  H.  Power,  inspector  of  the  Local  Government 
Board  of  England.  The  outer  circles  in  Figs.  5  and  ti  represent  the 
boundury  of  a  special  area  of  one  mile  radius  around  the  Fulhaui 
Smallpox  Hospital,  Loudon.  The  other  circles  represent  zones  of 
three-<]uarters  of  a  mile,  lialf  a  mile,  and  a  quarter  of  a  mile  nulios, 
respectively.  The  figures  show  the  number  of  houses  out  of  every 
hundreil  invaded  by  smallpox  in  the  i)eriod  between  May  2oth,  18ft4, 
and  September  26th,  1885.  The  greater  number  of  houses  attaekeil  in 
tlie  (jumlrant  lying  southeast  of  the  hospital  may  ixjssibly  lie  due  to 
a  gn^ater  prevalence  of  northwesterly  winds  duriug  the  j)eriod  in 
(luestioD.  The  incidence  of  small[K)x  on  every  one  hundred  houses 
within  the  special  area  (a  radius  of  one  mile  from  the  hospital)  was 
6.37.  Within  a  quarter  of  a  mile  it  was  no  less  than  17.35,  within  a 
quarter  and  half  a  mile  it  was  9.25,  within  half  and  three-<iuarteiH 
of  a  mile  it  was  6.16,  within  three-quarters  of  a  mile  and  a  mile  it 
fell  to  2.57. 

It  is  doubtful  whether  a  smallpox  patient  is  a  source  of  infection 
in  the  periotl  of  incubation  or  even  in  the  stage  which  precedes  the 
eru])tiou — the  stage  of  invasion.  There  can  be  no  doubt  that  the 
chief  stages  of  infectivity  are  the  earliest  period  of  suppuration  and 
the  Slaifiitm  Devrnistationia  of  Hebra,  that  is,  the  stage  of  desiccation 
or  of  drying  up  of  the  pustules,  the  scahbimj  stage. 

Dr.  William  Heberden,  in  his  "  Commentaries  on  the  History  and 
Cure  of  Diseases"  (London,  1803),  says:  "Many  instances  have  oc- 
curred to  nie  which  show  that  one  who  has  never  hiul  the  sniaU|M>x 
may  .safely  assotiiato  and  even  lie  in  the  same  bed  with  a  variolous 
patient  for  the  two  or  thnu^  first  days  of  the  eruption,  without  any 
danger  of  rtH-eiving  the  infection.  One  woman  continued  to  suckK* 
her  infant  for  two  days  after  the  sm€illi)ox  had  begun  to  api)ear  ujMni 
her,  and  the  child  being  then  removed  OHcai)ed  the  distenii>er  for  that 
tinn»,  hut  was  un<iiiestional>ly  capable  of  being  infected,  because  he 
catched  it  about  a  year  and  a  half  after." 

Tiiere  is  ni>  relation  Ix'tween  the  severity  of  the  typo  of  the  dis- 
ea.se  in  the  individual  who  is  the  source  of  the  infection  and  in  tht^ 
individual  wiio  receives  it.  The  lightest  ca.se  maj-  cause  the  most 
malignant,  j>rovi<led  the  susceptibility  or  ])redi3position  of  tlw* 
victim  who  receives  the  infection  is  strong.  On  the  other  hand, 
the  most  severe  confiuent  or  nudignant  case  may  give  rise  t<i  a 
v«'rv  mild  attack  in  a  person  whose  susce])tibility  or  pretlispositiou 
is  slight. 

Sir  Thomas  Watsoji,  in  his  classical  "Lectures  on  the  Practice  of 
Me<licine,"  mentions  a  rfmarkal)le  instance  of  smallpox  being  caught 
from  the  dead  body.     The  corpse  of  a  man  who  had  died  of  the  dis- 
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ease  was  brought  into  Mr.  Ctesar  Hawkius'  dissecting  room  in  Wind- 
mill Street,  Loudou,  with  the  result  that  four  students  took  the  ilis- 
ease,  although  only  one  ha<l  touched  the  body. 

In  a  discussion  on  the  mode  of  preventing  the  spread  of  epidemic 
disease  from  oue  couutry  to  another,  in  the  Section  of  Preveutive 
Medicine  at  the  Seventh  International  Congress  of  Hygieue,  Loudou, 
1891,  Dr.  Charles  N.  Hewitt,  of  Minnesota,  recorded  a  ntill  more 
striking  case  iu  which  a  female  immigraut  attended  a  smalliKvx  pa- 
tient ou  board  ship  while  crossing  the  Atlautic  from  Liverpool  to 
New  York,  then  doffed  and  put  by  lier  clothes,  which  she  again  began 
to  wear  some  time  afterwards  while  attending  a  sick  child  iu  a  distant 
part  of  the  couutry,  with  the  result  that  this  child  soon  sickened  of 
smallpox,  the  disease  si>reading  until  the  fatal  cases  numbered  fme 
hundred.  All  the  time  the  womau,  whose  clothes  spread  the  disease, 
remaiued  free  from  fimall[)ox  and  perfectly  well. 

Dr.  Wm.  Osier,"  of  Baltimore,  mentions  what  is  perhaps  in  mod- 
em times  the  most  reniarkaljle  instance  of  the  rapid  extension  of  the 
disease.  Smallpox  hiul  been  prevalent  iu  Montreal  between  1870  aud 
1875.  It  died  out  iu  the  latter  year,  and  the  health  reports  show  that 
the  city  was  free  from  it  until  1885.  During  the  interval,  vaccination, 
t<)  which  many  of  the  French  Canadians  are  opjiosed,  was  much  ueg- 
lected,  so  that  a  large  unprotected  population  grew  up.  On  Feb- 
ruary 28th,  1885,  a  riillman  car  conductor,  who  had  travelled  from 
Chicago,  where  the  disease  was  slightly  i>revalent,  was  admitted  into 
the  Hotel-Dieu,  Montreal,  the  civic  smallpox  hospital  Ijeing  at  the 
time  closeil,  Isolatiou  was  uot  earned  out  aud  on  April  1st  a  ser- 
vant in  the  hospital  died  of  smallpox.  After  her  death  the  hos](ital 
authorities,  with  deplorable  want  of  judgment,  dismissed  all  imtieuts 
showing  nf)  signs  of  infection  and  who  were  able  to  go  home.  The 
malatly  spread  like  fire  iu  dry  grass,  so  that  within  nine  mouths  three 
thousand  one  hundred  aud  sixty-four  i)ersons  died  of  smallpox  in 
Montreal,  a  city  at  that  time  of  some  two  hundred  thousand  inhabi- 
tants. 

Dr.  All)ertH.  Buck"  mentions  a  striking  iustauce  of  the  vitality  of 
the  poison  of  variola.  Iu  1876  a  child  contracted  snuiSlpox  iu  a  house 
iu  New  York.  After  the  patient's  recover^-  the  carpets  were  removed, 
the  walls  were  washed,  and  the  room  was  carefully  disinfected.  New 
tenants  shortly  afterw^ards  took  ]>oHsesHinu  of  the  room,  and  two  years 
later  (in  1878)  a  child  was  born.  Wlieu  two  iiiouths  old,  beiug  still  im- 
vaccinated,  she  l>ecame  ill  and  soon  presented  all  the  features  of  well- 
developed  smalljiox.  As  tJie  iufaut  had  never  left  the  room  aud  as  at 
the  time  there  was  no  smallpox  iu  New  York,  but  oue  iuference  was 
possible. 
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Clinical  History  and  Symptomatologry. 

For  convenience  of  description  we  may  divide  the  course  of  small- 
pox into  five  stages:  (1)  Incubation,  (2)  invasion,  (3)  eruptiou,  (it 
secondary  fever,  (5)  c.esiccatiou  and  desquamation. 

Sktye  of  Incubatiou. — This  begins  with  the  reception  of  the  virus 
or  ])oison  of  the  disease  into  the  system  and  ends  at  the  api)eanuioe 
of  the  earliest  symptoms.  Its  average  duration  is  twelve  ilays  in- 
clusive, except  in  cases  of  inoculation,  when  it  is  only  eight  days  or 
even  shorter.  Curschmann  declares  that  forty -eight  hours  only  may 
ehipse  before  the  commencement  of  the  phenomena  resultiug  from 
inoculation.  By  this  term  is  understood  the  engrafting  of  a  disease 
by  introducing  its  contaginm  directly  into  the  l)ody  through  puncture 
of  the  skin  or  by  abrasion  of  a  mucous  membrane.  A  familiar  ex- 
ample of  the  former  metluxl  of  inoculation  is  the  every-day  i»raotiiv 
of  vaccination.  Inoculation  through  a  mucous  membrane  has  lieeu 
I)ractispd  from  time  immemorial  in  China,  where  the  dried  highly 
infectious  smallpox  crusts  are  sniffed  up  the  nostrils  like  snuff. 

I  am  indebted  to  Dr.  John  Marshall  Day,  resident  meilical  officer 
of  Cork  Street  Fever  Hospital,  Dublin,  for  notes  of  two  recent  cases, 
in  which  the  length  of  the  period  of  incubation  was  satisfactorily 
ascort4iinod. 

(r.  15-  — ,  a  male  aged  81  years,  on  the  night  of  Novenil>er  lOtli. 
l.S'.t'i,  slept  at  Preston,  Laiu'jishirc,  whore  variola  was  then  jtrevaleut. 
Hi'  crossed  to  Dublin  the  following  day,  but  did  not  come  into  coutaot 
with  any  other  source  of  infection.  On  N()veml)er  IHth  he  felt  verv 
ill,  (■oiii|>Iaiiiing  of  pains  in  the  back,  sore  throat,  shivering,  and 
vomiting.  On  November  '22d,  a  rash  develoiK>d  on  his  foreheail. 
He  was  admitted  to  Cork  Str(>et  Hospital  on  the  24th,  suffering  fmm 
discrete  smalliMix. 

On  Tlinrsday,  November  14th,  the  patient  slept  in  his  brothers 
bedroom  and  continned  to  do  so  until  his  admissiim  to  the  hos]iit:iI 
on  tile  "J  Itli.      His  brother  fell  ill  on  the  night  of  Monday,  the  oth  of 

n mlxT.  and   in   his  case   the   rash  of  sm-dlpox  ap])eared  on  tli'- 

morning  <•!  Satunlay,  l)ecend)er  Idtli.  The  facts  here  stated  wonM 
sni>i>ort  the  view  that  variola  is  not  very  infections  until  the  rar.li 
apiiears.  The  incnbation  st;ige  lasted  nine  or  ten  days  (inclusive  in 
the  liist  case,  ami  could  not  have  Ix-en  less  than  eleven  or  twelve  da>-. 
ill  thf  '^iMi  iiid  case. 

/nil/''r  found  the  stap-  of  incnbation  in  liemorrhagic  variola  t  • 
lie  coiisidi'i'.ilil.v  shorter  isi\  to  ei^'hl  da.\  s  in  nine  casi'si  than  in  pu— 
tnlar  variola. 

.\s  a  rule  there  an-  no  symiiloms  in  this  stage,  but  tow;irds  it^ 
clo.se   the    jtatieiit    probably    feels    lUIWell   .ilid   out  of  sorts-what  the 
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rench  aptly  ciill  muhiixv.  Obermcier"  has  aometimes  noticed  iu  the 
ist  days  of  this  statue  (i  phiiryiifiPiil  cjitjiirh,  with  rediiPHs  aud  swell- 
Qg  of  the  ii\nil)i  aud  tonsils.  This  observation  is  of  j^reat  interest. 
Pile  lymiikitic  structures  in  the  jiai-ts  involved  may  be  rcKardeil  as 
ie  first  Hue  of  defence  a^^aiust  a  bacterial  invasion.  It  is  iu  the  ton- 
*,  and  iu  those  zoues  of  lymjdioid  tissvio  wliieL  have  beeu  called 
le  lingual  and  the  pharyngeal  tonsils,  that  the  earliest  encounters 
ke  place  betweeu  the  invading;  tnicrobeH  and  the  defending;  leuco- 
The  results  will  be  local  hyperirmia  and  ]io8sibly  intlaiii- 
jatiou.  In  the  [iresent  stage  of  our  knowledge,  however,  this 
may,  ]terhaiiH  justly,  be  rej^arded  as  theoretical.  The  absence 
of  symptoms  gives  to  the  sbige  of  incubation  the  name  of  "  latent 
period." 

Stat/c  of  I  It  cash  III. — Small]mx  sets  in  suddenly  aud  with  violeuce. 
Asi  is  usual  in  febrile  disorders,  the  earliest  sym])t()ms  are  cnuuected 
with  the  nervous  system.  They  are  chills  or  rigors,  aud  in  young 
children  couvulsinus.  The  rigors  vary  from  a  mere  feeling  of  chilli- 
ness to  a  downright  shivering  fit,  with  chatteriug  teeth,  jiallor,  blue- 
ness  of  the  extremities,  aud  "  goose  skin"  (cutis  armeriua) .  More  or 
le«s  inten.se  pain  is  complained  of  iu  the  lumbar  region  or  iu  the 
centre  of  the  sacrum  (rachialgia),  apjiareutly  due  to  hypenemia  of  the 
spinal  cord,  for  it  is  almost  invariably  relieved  by  hemorrhage — nat- 
ural or  induced.  Ilheumatnid  paius  in  the  limbs  are  also  often  felt, 
so  that  tlietjuestiouof  acute  rheunnitism  has  occasionally  to  be  taken 
into  account  iu  the  diagnosis  (Hilton  Fagge).  Pain  iu  the  pit  of  the 
Btomach  is  a  tolerably  constant  symptom.  It  is  often  associated  with, 
or  accompanied  by,  nausea  and  vomiting,  as  well  as  constipatitm, 
except  iu  children  iu  whom  diarrinea  may  occur,  tcygether  with  sleep- 
ine.ss  or  drf>wHineHH  aud  stujtor.  Severe  heachu'he,  giddiness  (vertigo) , 
often  delirium  aud  sometimes  partial  ]>araplegia,  uumbuess  of  the 
extremities,  retention  or  incontinence  of  urine,  and  incontinence  of 
fipces  are  all  symjitoms  of  the  pnifouud  iuHueucc  of  the  poison  upou 
the  nei-vous  system.  Ho  ;dso  is  constant  profuse  sweating.  There 
are,  liesides,  loss  of  appetite  (auorexia),  thirst,  t'urri'd  tougue,  very 
fetid  breath,  full  aud  rajtid  imlsc,  and  jirostratiou.  In  women  men- 
struation nearly  always  comes  on,  wiiether  the  uiouthiy  period  is  due 
or  not,  and  it  is  gener.illy  pi-ofuse  (meuorrhagia). 

All  the  foregoing  syiuptoiiis  are  usually  mori'  acute  jind  ))rolouged 
in  continent  than  iu  discrete  siiiall|iox,  nlthough  it  cannot  lie  iicce[ited 
as  a  general  rule  that  the  intensity  of  this  initial  stage  bears  a  direct 
ratio  to  the  severity  of  the  whole  attack.  Violent  jivodroiiial  nervous 
symptoms  iu  sensitive  individuals,  such  as  women  and  childreu,  may, 
and  often  do,  usher  in  a  mild  atlai-k  of  so-cidled  \arioloid.     Ou  the 
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other  hand,  wheu  the  initial  symptoms  are  not  severe,  we  may  fore- 
cast a  mild  after-course  of  the  disease. 

On  the  first  or  second  day  the  h-nipemfnre  rises  to  a  considerable 
height,  fre(iuently  to  104''  F.  (40"  C. ),  seldom  below  this  iwiut,  some- 
times above  it,  even  to  105.8'  F.  (41'  C).  The  maximal  tem]>eratur(> 
(fastigium  or  acme  of  the  fever)  is  usually  reacheil  shortly  befon?  the 
true  rash  of  variola  appears  on  the  third  »lay.  This  initial  fever  is 
commonly  called  the  i)rodromal  fever,  because  it  runs  Itefore,  or  pre- 
cedes, the  appearance  of  the  rash. 

The  pidxe  is  full  and  tense  in  those  who  have  been  prpvioosly 
healthy.  In  severe  cases  it  may  be  soft  and  dicrotic,  as  in  typhoid 
fever  (Curschmann) .  In  rate,  it  is  (juickened  in  i>r«>]>ortiou  to  the 
temperature.  It  is  influenced  by  age  and  sex,  lieing  very  rai>id  (14(V- 
KiO)  in  young  children,  rapid  in  women  (120-140),  less  rapid  (lOS- 
120)  in  adult  nudes. 

The  rate  of  respiration  is  (juick,  often  out  of  proi>oi-ti<m  to  the 
pulse  and  temperature.  The  breathing  is  short  and  lalxire*!,  fre- 
(juently  amounting  to  dyspmea  and  that  without  any  i)ereeptibie  or 
actual  miHcliief  in  the  breath  organs.  It  is  of  the  ty|»e  called  "cere- 
bral respiration,"  which  is  prolwibly  induced  by  the  brisk  rise  of  lKi«ly 
temperature  and  by  the  combine<l  morbid  influence  on  the  respimtory 
centrt'  of  the  variolous  ]K)ison  and  of  the  sujwrheated  WikkI. 

During  the  stage  of  invasi<m,  or  initial  stage,  accideufnl  raMlifs  are 
apt  to  ai)i)ear,  sometimes  causing  much  difficulty  in  diagnosis.  They 
art'  usually  I'r.vtlieiiiatons  in  chanwter — if  diffuse,  resembling  the 
blusli  of  si-arlatiua  or  of  erysipelas;  if  Hi>otty,  or  nmcular,  r«'s»>ml>liug 
measles  or  urticaria.  Uayfr"''  long  ago  gave  to  these  ]>r<Nlromiil 
rashes  the  n.unie  of  Hnstnla  nirinfnsa,  and  it  was  adopte<l  by  Eimer'' 
in  \sr)ii.  Sir  Samuel  Wilks.  IJart.,  president  of  the  Royal  College 
of  Pliysiciaiis  of  JiOiidon,  drew  attention  to  these  accidental  rushes  iu 
Guy's  Hos|iitil  Ileports  for  IS.!?  and  lH(il. 

Tlies<>  prodromal  or  initial  erythematous  rashes  are  very  evanes- 
cent. They  usually  uslier  in  an  attack  of  varioloid  or  modified  imild' 
smallpox,  and  so  have  no  little  prognostic  imjM)rtance.  They  are 
not.  howevei-,  |iathognonioiiic,  for  they  a]i]><>ar  in  other  s|KH'ific  fever< 
as  Well  as  ill  variola  for  instance,  in  typhoid  fever  and  measles.  This 
roseola  variiilos.i  iiroliaM.x  (le|>euds  on  ii  reactive  inhibition  of  tht> 
vasonintor  s\steni  of  nerves  hrouglit  about  by  the  fever  poison. 
Helira  and  Trousseau,  as  well  as  Curschmann,  seem  to  have  inde- 
liendeutly  reiiiarki'd  that  the  jiarts  atVected  by  this  form  of  erythema 
afterwards  remain  free  froni  the  projier  smalljiox  rash.  This  iibs«>r- 
vatioii  ha'^  been  generally  confirmed  by  sulKsequeut  writers  (Hilton 
Fagge  and  I've  Smith  I. 
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A  iuf)re  serious  pbenomeuou  in  the  development,  even  at  this 
earlv  stage,  of  petechias  or  subcutaneous  extnivasatious  of  dissolved 
htematiu,  varviug  iu  size  from  a  piu's  head  to  a  jiea  or  a  bean. 
These  purpuric  rashes  are  commonly  seeu  in  the  brachial  aud  crural 
triangles  of  Th.  Himou,"  of  Hamburg,  the  former  embracing  the  lat- 
eral thoracic  region,  iiiehuliug  the  inner  aide  ai  the  arm,  the  armpit, 
and  the  jiectoral  region ;  the  latter  embracing  the  lower  alxlomiuul 
region,  including  the  hypogastrium,  the  groins,  and  the  innm-  aspect 
of  the  thighs.  The  prognosis  in  such  cases  is  generally,  but  not 
necessarily,  more  grave. 

Osier  tliiuks  that  these  initial  rashes  are  more  common  iu  some 
epidemics  than  iu  othei-s.  They  wer-e  certainly  more  frequent  in  the 
Montreal  epidemics  between  1870  and  1H75  than  they  were  in  tlie 
more  extensive  outbreak  in  that  city  in  1H85.  According  to  Osier," 
they  rjccur  in  from  ten  to  sixteen  per  cent,  of  the  caries.  Among  his 
own  patients  in  the  small|>ox  department  of  the  Montreal  General 
Hospital  the  percentage  was  thirteen. 

The  duration  of  the  stage  of  invasion  is  on  the  average  three  days; 
as  a  rale,  it  is  prolonged  in  the  milder,  shortened  in  the  severer  cases. 
Sydenliam,"' speaking  of  conflneut  smallpox,  olwerved:  "Tliis  kind 
of  smalliiox  generally  comes  out  on  the  third  da\ ,  sometimes  earlier, 
but  scarce  ever  later,  whereas  the  (Iktiiii-f  appears  on  the  fourth  day 
inclusive  from  the  beginning  of  the  distemjier,  or  later,  lint  very 
rarely  liefore,  and  the  sooner  the  pustules  come  rmt  liefore  the  fourth 
day  the  more  they  ruu  togetlier."  To  the  same  effect  Boerhaave 
wrote:  "Moat  practitioners  .observe  that  the  slower  tlie  small])Ocks 
come  out,  the  milder  tliey  [irove  and  the  Ijetter  they  ripen.  Those 
appearing  on  the  first  day  of  the  illness  are  esteemed  the  worst  kind, 
those  (m  the  second,  raikler,  those  ou  the  third,  still  more  gentle,  and 
on  the  fourth,  the  most  favorable." 

Trousseau  and  nearly  all  modern  authorities  concar  in  this  view, 
but  Curscliraauu  thinks  it  is  not  warranted  for  al!  epidemics.  It 
may,  however,  lie  acceiited  as  a  sound  working  projiositiou,  although 
there  is  one  striking  exception  to  it.  In  oinseiiuence  of  some  grave 
organic  lesion — nb  alrurhiH  (iliffuifl  Ki/uiplniini,  ius  Sydenham  writes — 
the  outcoming  of  the  rasli  may  l>e  delayed  until  the  sixth  or  sev- 
enth day  in  both  distinct  and  confluent  cases— «("/<*  m in/xr  uiii'uiv. 
Trousseau"  illustrated  this  l>y  tlie  case  of  a  woman,  aged  tliirly,  in 
whom  the  rash  did  not  appear  until  tiie  fifth  day.  At  tlie  lieginning 
of  her  atbick  of  smallpox  she  had  all  the  symptoms  of  sporadic 
cholera:  vomiting,  purging,  crainjis,  general  coldness  of  tlie  surface, 
blanching  of  the  mucous  memliranes,  dry  cold  tongue,  injection  of  the 
conjunctivae,  and  a  dull  apjiearance  of  the  corueie.     The  choleraic 


412  MOOBE— SMALLPOX. 

sjraptoms  ceased  ou  the  fourth  day,  aud  ou  the  fifth  the  nwh  of 
smallpox  api>eared. 

A  long  experience  in  the  wards  of  Cork  Street  Fever  HoHpital, 
Dublin,  has  led  me  to  the  conclusion  that  a  purpuric  or  hemorrhagic 
tendency  early  in  smallpox  also  i>ostpones — it  may  he  indefinitely— 
the  a])pearauce  of  the  true  variolous  exanthem.  To  this  subject  it 
will  be  necessary  to  return. 

Before  leaving  the  initial  stage,  or  stage  of  iuvasicm,  it  should 
be  stated  that  in  rare  instances  an  attack  of  smalliM>x  luay  termi- 
nate with  this  stage,  no  true  eruption  following  it.  Such  an  attai*k 
may  well  l)e  called  Variohi  sine  exanthetnnfe,  or  Vuriolfi  sine  rarinlis. 
The  symptoms  are  those  of  the  invasion  stage— chills,  followeil  by 
fever  of  varying  severity,  prostration,  headache,  Iwckache,  nausea, 
vomiting,  con8tii)ation,  and  sore  throat;  often  an  erythematous  or 
petechial  riwh,  especially  affecting  the  crural  triangles.  After  a  few 
days,  the  temjierature  falls  fast  and  the  patient  gets  well. 

This  mild  form  of  smallpox  was  well  known  to  Sydenham  and 
the  older  writers  like  de  Haen,  John  Pet^r  Frank,  aud  others.  Sy- 
denham named  it  with  nuich  propriety  Fvbris  vnridosn — to  this  the 
words  "  «/;«'  e.r<ni(lie)iiafe"  were  subseciuently  added.  In  proof  of  the 
existence  of  a  variola  sine  variolis,  Curschmaun  recalls  the  oft-men- 
tioned though  rare  cases  which  have  occurred  in  pregnancy,  when  the 
birth  of  a  child  covered  with  a  small]>ox  eruption  has  at  times  re- 
vealed tli(»  nature  of  the  j^'viously  doubtful  nature  of  the  mt>ther's 
attack. 

Sfinii- 11/  h'rii/ifi'iii. — The  true  oxanthem,  or  rash,  of  small]>ox  ny- 
l)cais  first  1)11  the  fort'lieiid,  in'<'k,  and  face,  aud  alxmt  the  wrists,  ii<'\t 
on  till'  trunk,  lastly  on  the  lower  extremities.  ("  Gena',  labia,  Cfilhiin. 
stiKiii'ita  K*'i<'it'  prima  solcut.  jx'ctus  deinde,  dorsum  ac  venter,  taii- 
di'iii  i-t  artiis."-  Aiitoiiius  dc  Haen,  "Ratio  Medendi,"  Tonnis  sccun- 
<lus.  |i.  .")-l,  Vit'uii!!'.  Austriji',  1774.  >  In  severe  ca.ses.  as  has  K-*-!! 
jilrcadN  statt^l,  it  shows  itself  oil  the  second  or  even  <m  the  tii-st  ila.\  ; 
ill  iiiilil  cases  its  roiiiiiij^  may  l)e  postponed  until  the  fourth  da>. 
('■  III  l)i'^cri'tis  N'ariolis  die  ab  iiivasioiie  <|uarto  jinxlire  hiec  Stigiiiat;i 
Solent;  ill  Coiillueiitildis  ilie  tertio,  imo  et  fiiiito  uecduni  secundo."— 
.Viitoiiius  lie  Main,  A",  d/.)  The  usual  time  for  its  apjx'aranfe  is  tli>- 
//,/,-,/  ,1,1,/,  iiiiliisiri,  from  the  earliest  symptoms.  It  is  alleged  that 
with  the  aid  of  |ihotoKrai)liv  the  presence  of  a  smallpox  rash  in  thi- 

skill  can   lie  detected   several   llolll's  befiile  it    I'eVeals  it.S»'lf    to  the  !•>>•. 

All  writers  .•i^i-ee  that  the  rash  is  most  co|iioiis  on  the  most  v;i.sciil:ir 
])aits  of  tile  surface,  fur  example  the  face.     Temporary   liy]>er:eiiii:i 

CJlUsed    1(\     Wiilinds    leaiK    to   all    excessive    develojimellt    of    the   ra-ll- 
TroUsse;iii    nienti'iiied   the  c.'isi'  of  a    lad  ill    whom  the  <>ru)>tion  w.i-i 
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very  nbundant  on  tlie  posterinr  aspect  of  the  forearms.  He  was  a 
cook,  ami  in  that  caimcity  Lad  these  parts  coustautly  exposed  to  the 
beat  of  kitchen  stoves. 

Wlien  the  "  ixx'ks"  fulfil  their  life  history,  they  are  seen  to  pass 
through  the  followiu^;  jihasfs  of  develoiuueut: 

1.  Sjicrkfi  of  hiji>f;ninii(i,  uv  tiKtotha,  like  the  fine  prit'ks  made  with 
a  needle,  and  sometimes  like  reeeut  Hea-hites  (firHt  day  of  rfiHli). 

2.  Pdjiiilffi  nr  i>i)iiplefi  (juickly  form,  owiujj;  to  chaujjes  in  the  rete 
muc'oHum  of  the  wkiu  and  to  cell  pruliferatiou.  These  papules  are 
like  those  which  are  met  with  in  i>ersons  affected  with  lichen  or  pru- 
rij^o  (Trousseau).  They  iire  at  firat  slif^htly  raised,  then  conical, 
already  hard  or  "shotty"  to  the  touch,  feeling  like  {grains  of  shot 
beneath  the  skin  (second  and  third  days  of  the  rash). 

3.  I'tnirleti.  Exutlatiou  <if  serum  soon  takes  [ihice,  so  that  the 
horny  layer  of  the  ejiideruiis  is  raised  U>  form  a  ^esicle.  This  is  at 
first  tilled  with  a  clear,  trausjiareut,  somewliat  viscid  fluid,  which 
((uickly  becomes  opaijue,  lactescent,  or  milk-like  (fourth  and  fifth 
days  of  the  rash).  "By  the  fourth  or  tilth  day  of  tin*  erui>tiou  (sev- 
enth or  eij^hth  of  the  disease),"  \mtes  Dr.  Hilton  Fatif^e,  "the  vesicle 
is  generally  as  large  as  a  split  pea,  hemispherical  in  form  and  opaline 
in  appearance." 

4.  Pimfitlcs,  or  small  abscesses,  are  next'  formed  hy  a  further 
change  in  the  contents  of  the  vasicles,  in  which  young  cells  increiwi^ 
and  nndtiiily,  causing  them  to  assume  a  more  and  more  njtaque  ami 
yellow  apjiearance  and  to  increase  quickly  in  size.  The  contents  are 
now  jiurulent  (sixth  and  seventh  days  of  the  rash).  .Vliout  this  time 
also  a  central  dej)ression  or  ifiinjilv  (German,  I'ui-litii-iialHl)  in  f()nud 
in  these  pustules.  This  is  the  so-called  umbilicus,  at  the  bottom  of 
■whieli  the  ojiening  of  a  hair  follicle  or  sweat  gland  is  frequently  seen, 
according  to  Curschniium.  This  is  tiioiight  b>  I'uiia  to  be  a  mere 
coincidence  and  devoid  of  etiological  significance.  The  varioh)us  in- 
fiammatiou  is  not  confincil  t<>  the  I'pidi'nuis.  The  papillary  layer  of 
the  derma  is  often  involved,  its  connective-tissue  elements  proliferate 
and  afterwards  lujdergti  cicatricial  contraction,  leading  to  the  jierma- 
nent  deformity  known  as  "]>itting."  A  persoji  is  then  said  to  be 
"  jiock-marked"  (Freiicli,  /ii<-i>li'). 

The  period  of  fullest  develojunent  of  the  rash  is  reached  on  the 
seventh  day  from  its  ;ippearan('(v-thnt  is  to  say,  the  ti'uth  day,  inclu- 
sive, of  the  disease.  The  ]>ustule,  when  at  its  height,  is  often  quite 
heuiisidierical,  the  umbilicatiiuj  having  disappeared.  These  pustules 
are  really  small  abscesses.  Thi\v  become  extretuely  painful,  and  the 
pain  is  accompanied  by  great  swelling  of  tin'  aH'ected  parts — greatest 
where  the  tissues  are  loosest  or  most  relaxed,  as  iu  the  eyelids  and 
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lijis,  hii-i  iit»'nt  iL*r  ;rt-}TJiir.     In  tL«-  i-<rindiieiit  Tariety,  alM>ut  ti>  W 
d«giC-rit>e<d.  tLv-  iikiv  swrlls  t"  a  ^Luiieless  eusS'.  rendering:  the  ]iatieut 

WL*-i:  fully  ileTrl':>]ie«L  tatcL  pastille  is  surroundeil  vitli  .iu  iuflaui- 
inaV.-ry  i..iir  .t  aivola.  called  its  *hal<»." 

TLf-  T»-ri'>3  ''f  fullest  devt:lo]>ment  of  tlie  rash  is  called  the  i>eri<Hl 


)':'•  ''  ii'''fn*  ^MialliH.v.     ru^tiilar  >tnk;f  oft  Uitly  ;  cnistinf?  siafr?  on  facv. 


<if  inatur.-itii'ii  'ii-  ii|n-iiiiit:.  It  lasts  al«'nt  tlirt-o  days  and  is  follnvvfil 
1>.\  tlif  la«-t  sta;;i-  in  tin-  life  liistory  (if  tilt"  tTuption,  that  of- 

.">.  /h s!,iii/!,,,i.  iir  till-  rii|ituri'  and  drying  nj)  of  the  jmstHlfs  and 
till'  formation  nf  frus/s  i,r  ■■•ihIik,  wiiicli  in  the  st>verer  cases  exliali-  a 
pnn^i'nt  and  alxiniinaliiy  fetid  odor. 

Till- apix-aiaiifi-s  |>rt'scnt<'d  ]t\  tln'  rash  in  its  ]>ustularaud  desicca- 
tion sta),'<-'  all'  sliown  in  Fiu's.  7,  S,  and  '•'.  Tin-  original  ithotoj^raiilis 
wt-n-  taki-ii  1>\  mic  of  my  |)U|iiis,  ^Ir.  Jolm  l*rcsc<4t,  duriun  tl»e  last 
ejiid'-niii-  in  DuMin.  TUi-  tlin-e  jtatifnts  wi-re  all  iueral>ers  of  tin* 
Kain<'  faniil.v.     All  tin'  jiatit-nts  haiipily  recovered. 

Sliiij)  <tj  Ihsiiiiitimi.      Even  hefore  the  eleveiitli  dftv  the  pustules 
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in  many  instances  burst,  either  from  overtUstention  or  by  accideut, 
and  iu  other  iustauces  a  thick,  viscid,  yellowisli  mutter — iu  appear- 
auce  and  eousisteuce  not  unlike  houey — oozch  from  the  as  yet  uubrokeu 
surface.  This  sticky  exudation  exhales  the  overpowering  smell  just 
referred  to.  Tnyether  with  the  other  contents  of  the  pustules,  the 
foul  exudatiou  speedily  dries  iip,  first  iu  the  centre,  as  represeuted  in 
Fi^.  7.  Brownish  sc^ibs  are  in  this  way  formed,  which  are  at  first 
adherent  Imt  afterwards  fall  nflf  iu  from  three  to  six  days,  leaviug 
elevatious  or  projections  of  a  violet-red  hue,  like  a  cold  skiu.  It 
should  be  mentioned  that  the  pustules  do  not  puss  thi'ough  their  sev- 
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eral  staj,'es  siuiultaueonsly,  and  further  that  in  some  cases  they  dry 
up  throuj^h  ahH(jrptinu  of  their  cimteuts  without  burstiug. 

On  the  trunk  and  extremities,  where  desiccatinu  Iwgius  later  thau 
on  the  face,  the  pustules  fref|neutly  burst  and  tlieir  punileiit  ciiutents 
soaking  iuto  the  bedclothes  au<l  body  linen,  uridergn  rajiid  decom- 
position upon  the  skin  nud  iu  the  clothing,  causing  an  overwhelming 
stench  about  the  eleventh  or  twelfth  day  of  the  disease.  This  occurs 
iu  the  confluent,  not  iu  the  discrete,  form.  With  the  drying  up  of 
the  pustules,  the  redness,  swelling,  and  tenderness  of  the  skin  subside, 
the  eyes  reopeu,  the  nostrils  are  t-leared,  an<l  the  features  of  the  ])a- 
tient  become  ouce  more  recoguiznble.  The  separatiou  of  the  crusts 
may  take  place  very  slowly  in  severe  and  confiiieut  cases,  extending 
over  many  weeks. 

Staffe  of  Iksipinnmflatt.  —  When  the  scabs  have  fallen  off,  succea- 
sive  sesles  of  epidermis  form  and  peel  off,  a  process  which  ia  called 
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(l*^s<|Utimiitiou  or  sheddiug  i>f  the  skiu.  Slioukl  tlit>  varinlinis  iudam- 
ination  ( dermatitis i  liavo  di]>i>ed  dooji  and  involvwl  tlu'  i^ijiillar. 
layt-r,  or  rufls  rrm,  a  small,  whito,  ])Uokoi»'<l  scar  or  "  i>it"  u-ii-atrix  i> 
ultimati^ly  l«*ft,  ami  tlio  i)ersi>u  is  said  to  ln»  "iHHk-markiil."  !•: 
screru  cases  tbo  deformity  is  extreme  aud  permaueut,  iu  otlni'  in- 
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day  or  bo  of  au  attack  of  confluent  smallpox.  In  discrete  cases  it  sets 
in  earlier  but  is  not  so  well  marked  and  is  branny  rather  than  flaky 
in  character — that  is,  the  individual  particles  of  shed  cuticle  are 
small,  like  fragments  of  bran  (furfuraceous  desquamation,  from  the 
h&tin,  fur/io;  bran). 

The  true  rash  of  smallpox  is  by  no  means  confined  to  the  skin. 
About  the  same  time  that  the  rash  shows  externally,  it  develoi)a  on 
the  mucous  membraue^s  also.  Of  this  we  have  ocular  jiroof  in  the 
case  of  those  tracts  of  mucous  membrane  which  are  visible  and  are 
most  exiKJsed  to  the  air.  Thus,  the  conjunctiva?,  the  mucous  mem- 
branes of  the  nose,  mouth,  pharynx,  and  adjacent  parts,  are  nearly 
always  affected.  The  rash  may  thence  extend  through  the  whole 
system  of  mucous  membraues,  invading  the  larynx,  trachea,  and 
bronchi  in  one  direction;  the  oesophagus,  stomach,  and  intestinea  in 
another.  Thence  arise  many  of  the  more  serious  complicatiouB  of 
smallpox.  The  eyes  and  eyelids  are  inflamed  and  sight  may  be  lost. 
We  may  have  deafness,  due  to  blocking  f>f  the  (I'dematous  Eustachian 
tubes  (Wendt  "*) ;  hoarseness  and  ajihonia  with  acute  oedema  of  the 
glottis ;  cough  and  dyspucta,  from  bronchitis  and  pneumonia ;  dys- 
phagia, or  difficult}'  of  swallowing ;  diarrhoea ;  colitis  and  dysenteric 
stools. 

It  is  true  that  Cairschraann  states  that  it  is  very  doubtful  if  real 
pustules  are  ever  formed  in  the  stomach  and  intestines,  although  they 
have  been  described  by  the  older  writers,  for  example  by  Robert  in 
his  account  of  an  epidemic  in  MarKeilles.  He  adds  that  they  are 
seen  only  in  the  lowest  part  of  the  rectum,  close  to  the  anus.  Curseh- 
mann  adds  that  real  pustules  or  diphtheritic  inflammation  may  occur 
in  the  %'ulva  and  vagina,  but  that  pustules  are  never  found  in  the  uri- 
nary bladder  or  in  the  urethra  except  close  to  the  meatus.  In  illus- 
tration of  the  distribution  of  the  variolous  eruption  upon  the<nucou8 
membranes,  I  have  for  many  years  had  au  f)j)portunity  of  exhibiting 
to  my  classes  on  Practice  of  Medicine  at  the  Koyal  College  of  Sur- 
geons in  Ireland  a  series  of  beautiful  original  drawings  by  the  late 
Mr.  John  Conolly,  of  Dublin.  These  drawings  of  the  pathological 
appearances  in  smallpox  show  the  entire  respiratory  and  digestive 
tracts  thickly  beset  with  a  variolous  eruption,  presenting  itself  as  a 
number  of  whitish  or  i)early-gray  ulcerations  upon  a  reddened  base, 
with  abrasions  or  largo  and  irregular  excoriations  of  the  mucous 
membranes.  Only  upon  such  mucous  membranes  as  are  exposed  to 
the  external  air  are  fully  developed  inistulcs  to  l>e  seen— a  fact  which 
would  point  to  a  secondary  bacteriul  iufcction  by  the  Streptococcus 
pyogenes  as  the  determining  cause  of  pustulation. 

Dr.  Meredith  Richards,  medical  oflScer  of  health  for  Chesterfield, 
Vol.  XIU.— 27 
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calls  attention"  to  post-eniptive  rashes  in  smallpox.  These  inclnde: 
1.  A  scarlatiniform  erythema,  general  in  distribution  and  not  differ- 
ing from  that  which  is  so  common  in  various  septic  states ;  2.  A 
development  of  the  pustules  which  appears  to  correspond  to  Badcliffe 
Crocker's  Impetigo  contagiosa  gyrata  (British  Medical  Journal,  VoL 
n.,  1895,  page  1102);  3.  A  development  of  the  previously  healthy 
interpustular  epidermis  into  flaccid  buUae,  containing  a  few  drops  of 
foul  mucopurulent  fluid.  These  bullse  are  soon  followed  by  profuse 
desquamation  which  may  lead  to  the  shedding  of  the  nails,  and 
are  accompanied  by  severe  constitutional  symptoms  of  a  septictemic 
character. 

In  the  second  variety  the  smallpox  pustules,  instead  of  drying  up 
and  scabbing  on  the  eleventh  day,  show  signs  of  spreading  peripher- 
ally, so  that  in  a  day  or  two  many  of  the  cutaneous  lesions  consist  of 
three  well-defined  parts,  namely,  a  central  scab,  a  surrounding  vesic- 
ular ring  which  rapidly  becomes  pustular,  and  a  red  areola  surround- 
ing the  pustular  ring.  Unless  treated,  the  areola  and  pustular  ring 
continue  to  spread  centrifugally  until  the  whole  lesion  may  measure 
an  inch  or  more  in  diameter.  This  rash  is  clinically  important  be- 
cause it  is  often  attended  by  high  temperature  and  other  signs  of 
septicfflmia. 

A  secondary  infection  by  various  pyogenic  microorganisms,  espe- 
cially Staphylococcus  pyogenes  aureus  and  Streptococcus  pyogenes, 
is  doubtless  the  cause  of  these  lesions.  To  such  a  secondary  infection 
the  terms  "  stai)hyl(K'occia"  and  "  staphylostreptococcia"  have  been 
applied.  The  condition  is  not  peculiar  to  smallpox,  but  has  been 
observed  iu  cliickeni)ox  as  well  by  Hulot,  Hutinel,  Labbe,  and  others. 
Recently  Pirro  Bolognini"  has  described  a  series  of  cases  of  varicel- 
lous  staphylococcia. 

Acc(Trdiug  to  Curachmann,  true  i)ock8  upon  serous  membranes  are 
fables  l)el()uginn  to  antiquity.  Very  striking  morbid  api>earance8 
are,  however,  presented  by  serous  membranes  in  the  malignant  and 
purpuric  forms  of  variola.  Thus,  the  pleura,  the  jicricanlium,  and 
the  ])erit(>neum  may  l)e  the  seat  of  blood  extravasations  varying  in 
size  from  mere  i)iu  points  (petechiiB)  to  large  ecchymoses. 

A  <-ln.ssifi<-<t(i()ii  of  smallpox  based  ujion  the  distribution  and  amount 
of  the  rash  has  been  handed  down  from  the  time  of  Sydenham,  the 
father  of  English  medicine,  as  he  has  l)een  well  called.  Such  a  clas.s- 
ificatiou  has  r<»ceived  universal  acceptance  and  must  therefore  be  de- 
scribed at  some  length. 

Under  all  circumstances — whether  modified  by  a  previous  attack 
or  by  vaccination,  or  unmodified — 8malli)ox  api)ears  under  two  ])rinci- 
pal  forms— discrete  or  distinct,  and  confluent.     The  first  of  these 


CLINICAL   HIBTOBY  AND   SYMPTOMATOLOGY.  419 

varieties  of  the  disease  is  commoiily  free  from  danger;  the  latter  is 
oue  of  the  luoat  terrible,  loathsome,  and  fatal  of  maladies.  Of  con- 
fluent smallpox  two  modified  varieties  are  recognized,  namely :  (1) 
semieonfluent  or  coherent  smallpox,  and  (2)  corymbose  or  clustered 
smallpox. 

Variola  Jisaeia  vii  distincta  is  the  name  given  to  those  cases  in 
wliicL  the  rash  comes  out  late,  is  sparse  or  scanty,  fails  in  many  in- 
stances to  run  through  its  whole  course,  aborting  Jis  it  were  in  the 
papular  or  vesicular  stage,  and  causes  comparatively  slight  secondary 
inflammation  of  the  skin.  In  this  relatively  mild  form  the  several 
papules,  or  pustules — if  they  form  iit  all — are  studded  over  the  skin, 
being  more  or  less  widely-  separated  from  each  other;  hence  the 
term  discrete  (from  Latin,  discenio,  I  separate).  In  this  form  the 
iuitial  symptoms  may  he,  but  are  by  uo  means  necessarily  or  eveu 
generally,  less  acute  than  in  variola  coutiuens.  Tiie  symptoms,  how- 
ever, usually  subside  quickly — they  are  less  persistent.  When  the 
rash  stops  short  of  the  ]iHstuhir  stage,  as  not  iufreijueutly  liappens, 
the  name  Varwla  rnjHtnU'uM  is  giveu  to  the  case.  When  not  even 
vesicles  are  formed,  the  attack  is  described  as  one  of  Variola  cornea 
or  Jionipiix.  In  vesicidar  .imaUjKjx  the  couteuts  of  the  vesicles  may 
be  rapidly  absorbed  and  the  vesicles  then  shrivel  and  dry  up,  consti- 
tuting the  so-called  Variola  verrucosa  or  icartpox. 

Discrete  smallpox  may  bo  mistaki-u  for  diit'keupox,  or  chickeupoi 
for  it;  but  regard  to  the  severity  of  the  constitutional  symptoms  in 
smallpox  should  guard  one  agaiust  making  so  serious  a  mistake. 

Varinla  roujhitits  is  the  term  appliod  to  thosp  cases  in  which  the 
true  rash  overnms  the  whole,  or  nearly  the  wliolfi,  surface  of  the 
body,  and  iuvades  the  mucous  membranes  also  with  great  severity. 
The  symptoms  of  the  invasion  stage  an-  all  iiiteiisiiiffl,  aud  the  rasli 
appears  as  early  as  the  second  day.  The  secondary  iuflammatiou  of 
the  skin  is  extreme,  and  ulcerative  processes  are  apt  to  cause  great 
losses  of  substance  aud  |)erniaueiit  scarring  aud  disfigurement.  On 
the  scalp  the  hair  follicles  may  l>e  destroyed  to  a  greater  or  less 
extent,  leading  to  complete  or  partial  permanent  aloj)eeia  or  baldness. 

As  additional  and  very  characteristic  symptoms  in  tliis  dangerous 
variety  of  the  disesise,  Trousseau  mentions:  (1)  Persist^'ut  diarrhtea, 
both  in  adults  aud  in  children;  (2)  profuse  salivation  in  adults, 
resulting  eitlier  from  secondary  parotitis,  or  as  a  reflex  symptom 
from  inllauimatiou  of  the  mucous  niembranes  of  the  luoutli,  stoma- 
titis (Curschmaun) ;  (3)  great  tumefaction  of  the  fjice  and  eyelitls,  so 
that  the  latter  sometimes  luirst  or  slough;  aud  (4)  most  jiainful 
swelling  of  the  hands  aud  feet.  This  last  symptom  is  well  shown, 
so  far  as  the  hands  are  concerned,  in  Figs.  7  aud  S.     Salivation,  or 
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ptjalism,  sets  in  earij  and  is  extnundinarilr  profuse.  According 
to  Tronssean,  from  one  to  two  litres  (that  is,  from  thirtr-fire  to 
aerenty  floidonnces)  of  clear,  bat  ropy  or  viscid,  saliva  may  flow 
from  the  patient's  month  within  twenty-foor  hoars,  and  this  ptyalism 
is  accompanied  by  a  bnming,  onqaenchable  thirst. 

To  omit  special  mention  of  the  deliriom  of  conflnent  smallpox 
would  be  very  misleading.  In  the  epidemics  of  1871  and  1878  in 
Cork  Street  Hospital,  Dublin,  the  occurrence  of  delirium  was  one  of 
the  commonest  and  most  striking  featores  of  the  malady.  It  was 
often  violent  and  noisy  (delirium  ferox) ,  or  "  bnsy "  with  extreme  mus- 
cular agitation  (delirium  tremens).  In  the  later  stages  of  the  attack, 
when  the  vital  and  mental  powers  were  swooning,  it  assnmed  more  of 
the  low  mattering  type  (the  "  typhomania"  of  Galen).  Both  at  the 
Meath  Hospital  and  at  Cork  Street  Hospital,  attempts  at  suicide  were 
made  by  delirious  smallpox  patients,  and  homicide  has  happened 
before  now  as  the  outcome  of  delirium  ferox,  the  raving  and  frenzy 
of  the  condition  making  a  dangerous  maniac  of  the  unhappy  patient 
for  the  time  being.  Hnxham,  in  his  "  Essav-  on  Fevers,"  graphically 
describes  the  rash  in  these  cases  as  consisting  of  pocks  which  are 
"pale,  crude,  pitted,  andsesstZe." 

The  face  is  covered  with  pustules,  which  run  together  so  that  the 
epidermis  is  raised  by  a  milky  seropnrulent  secretion,  and  the  face 
seems  as  if  it  were  dipped  in  tallow  or  covered  with  a  mask  of  parch- 
ment— "  Pergamence  sjyeciem  visu  horrendam  (cui in  faciei)  ejchilnf,"  hs 
Morton  said  in  bis  "Pyretologia."  It  is  right  to  mention  that  in 
confluent  smallpox,  while  the  face  and  hands  may  be  absolutely  cov- 
ered with  i)ock8,  in  other  parts  of  the  body  the  emptiou  may  l)e  more 
or  less  discrete,  the  amount  and  intensity  of  tho  pustulation  seem- 
ingly bearing  a  direct  relation  to  the  vascularity  and  inflammatory 
state  of  the  surface.  This  was  pointed  out  many  years  ago  in  an 
admirable  pai)er  on  the  "  Treatment  of  Smallix)x"  by  the  late  Dr. 
William  Stokes."  Of  this  fact  we  have  two  direct  proofs.  luthefir^t 
place,  i>ortion8  of  skin  which  have  been  subjected  to  mechanical  or 
chemical  irritation,  either  before  infection  or  daring  the  stage  of  in- 
cubation, invariably  throw  out  a  very  abundant  pustular,  fre<iuently 
a  confluent,  eruption  even  in  discrete  cases  of  smallpox.  Secondly, 
and  conversely,  whore  the  vascularity  of  a  part  has  been  reduced  by 
pressure,  local  depletion,  or  removal  of  irritation  by  poulticing, 
fomenting,  bathing,  or  other  means,  the  eruption  of  smalli)ox  remains 
distinct  oven  in  confluent  cases." 

The  mucous  membranes,  like  the  skin,  are  the  seat  of  a  closely 
set  rash  in  confluent  smallpox,  and  very  dangerous  forms  of  secondary 
inflammation  are  ax>t  to  place  the  i>atient'8  life  in  imminent  i)eril. 
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Glossitis  variolosa,  or  diffuse  inflammation  of  the  famgne ;  diphtheria, 
acute  tedema  of  the  ylottis,  intense  and  widespread  bronchitis,  and 
pneumonia;  violent,  uncontrollable  vomiting,  retching,  anddiarrha>a, 
are  among  the  evidences  we  have  of  the  serious  engagement  of  the 
mucoua  membranes.  Towards  the  close,  should  the  patient  sur^'ive, 
multiple  pyremic  abscesses,  erysipelas,  and  even  gangrene  may  occur 
in  those  parts  of  the  integument  where  the  confluence  is  moat  pro- 
nounced. The  mortality  is,  of  course,  very  great  in  this  form  of  the 
disease,  at  any  stage  of  which  tlie  patient  may  succumb.  In  some 
epidemics,  according  to  Trousseau,  half  the  patients  tlie ;  in  others, 
four-fiftlis,  and  in  others,  less  fatsd,  oiip-third  of  those  attacked  per- 
ish. Confluent  smallpox  is,  therefore,  the  most  deadly  of  all  jiesti- 
lences,  yellow  fever,  bulionie  jilague,  and  cliolera  not  excepted.  The 
terrible  feature  about  Hmallpox  is  tliat  it  may  kill  not  only  in  the 
acute  stage,  by  inducing  dissolution  of  the  blood  or  by  the  intensity 
of  the  fever,  but  also  in  the  later  stjiges  and  iu  convalescence.  The 
moat  fatal  epoch  is  about  the  eleventh  or  twelfth  ilay,  but  even  far 
on  iu  the  stage  of  desiccation  death  not  iufreipieutly  reHults  from  ex- 
haustion, or  pyremia,  or  some  other  comjilicatiou.  It  will  be  neces- 
sary to  return  to  tlie  subject  of  mortality  later  on.  Should  confluent 
smallpox  end  iu  recovery,  convalescence  is  ai)t  to  be  very  tedious,  and 
is  frequently  interrupted  by  serious  sequehe,  of  which  an  "acute  fu- 
runcular  diatliesis,"  aa  Trousseau  calls  it,  is  one  of  the  commonest  and 
most  troublesome.  It  shows  itself  iu  the  formation  of  successive 
crops  of  most  painful  Itoils  and  of  more  or  less  deep-seated  abscesses. 
This  acute  funmculoais  in  df>ubtless  due  to  secondary  infectious  by 
the  vjirious  pus  cocci,  especially  Htapliylococcus  pyogenes  aureus,  but 
also  Staphylococcus  pyogenes  albus  and  Streptococcus  pyogenes,  the 
last  being  tlie  micrfK'occus  of  erysipelas  descril >p(1  by  Fehleisen.  As 
Sternberg"  puts  it :  "  In  man  the  ever-present  ])us  cocci  are  more  likely 
to  invade  the  tissues,  forming  furuncles,  carbuncles,  and  pustular 
skin  eruptions,  or  erysipelatous  and  jihlegmonous  inflammations, 
when  the  standard  of  health  is  reduced  from  auy  cause,  and  especially 
when  by  aljsorpticm  or  retention  various  toxic  organic  iiroducta  are 
present  in  the  body  in  excess.  It  is  thus  that  we  would  explain  the 
liability  to  these  local  infectious,  as  complications  or  sequela)  of  vari- 
ous specific  infectious  diseases." 

In  the  stjige  of  desiccation  large  ecthymoid  crusts  form  upon  the 
ulcerated  surface  of  the  skin.  These  become  detached,  leaving  the 
dermis  scooped  out.  Successive  layers  of  thinner  and  thinner  crusts 
form,  and  are  shed  through  two,  three,  or  four  weeks,  the  ulcerations 
finally  cicatrizing,  leaving  the  rugged  scars  which  seam  the  faces  of 
those  who  have  passed  through  confluent  smallpox.     To  this  dis- 
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figurement  the  term  "  pitting"  has  been  applied,  and  (as  has  been 
abready  stated)  the  person  affected  is  said  to  be  "{xxsk-marked." 
Pitting  is  especially  unsightly  about  the  nose,  the  borders  of  the  al» 
nasi  appearing  indented  and  the  bridge  and  tip  of  the  nose  split  and 
torn.  Dr.  John  MacCombie"  describes  a  verrucose  or  warty  con- 
dition of  the  skin  of  the  nose  and  cheeks  as  resulting  not  infrequently 
from  deep  ulceration.  In  a  few  confluent  cases  in  which  there  is  deep 
ulceration  with  much  dermatitis,  bands  of  cicatricial  tissue  form,  and 
a  chdoid  condition  results.  The  face,  which  is  the  part  most  usually 
affected,  becomes  scarred  and  disfigured;  ectropion  and  distortion  of 
the  month  may  result. 

With  the  separation  of  the  scabs,  or  sometimes  later,  the  hair 
commonly  falls  off,  in  some  cases  in  handfuls.  If  the  variolous  in- 
flammation of  the  scalp  has  dipped  deeply  and  involved  the  hair  fol- 
licles to  any  great  extent,  the  resulting  alopecia  may  be  permanent. 
More  usually  the  hair  grows  again,  in  a  few  cases  more  luxuriantly, 
if  less  smoothly,  than  before.  It  is  not  usual  for  the  nails  to  fall 
off  after  smallpox,  although  the  atrophic  furrows  across  them,  de- 
scribed and  figured  by  A.  Yogel  and  mentioned  by  Murchison"  as 
occurring  in  typhus  fever,  are  not  infrequently  observed. 

It  has  been  already  stated  that  two  modifications  of  confluent 
smallpox  are  recognized  as  regards  the  distribution  of  the  rash. 
These  are  the  semiconfluent  and  the  corymbose  varieties. 

The  term  Varioh  nemicotiflueus,  or  coherent  smallpox,  is  applied 
to  thoso  cases  (1)  in  which  the  pustules  touch  one  another  without 
coalesciuj;,  or  (2)  in  which  the  eruption  is  confluent  on  and  about  the 
face,  but  more  or  less  discrete  olsewliere. 

Mr.  Marson,  formerly  of  the  London  Smallpox  Hospital,  first  ap- 
plied tlio  tomi  van'ohi  rorifiiiixvin  to  those  oases  in  which  the  pustules 
are  coufluont  in  i)atclies  or  clusters  (hence  the  name  mrptibose,  from 
xii/iu/i^'ii^  a  cluster  of  fruit)  these  have  been  separated  from  each 
other  by  intervals  of  unaffected  skin.  Vascular  parts,  like  the  arm- 
pits, groins,  and  popliteal  spiuies,  are  often  the  seat  of  a  rash  of  this 
kind. 

Hilton  Fanne  says  that  he  never  saw  an  example  of  corjmbose 
smalIi)ox,  but  there  is  a  beautiful  drawing  of  it  in  the  collection  of 
John  Conolly's  illustrations  of  smallpox  ob8er\ed  in  the  Hardwicke 
Fever  Hos])ital,  Dublin,  to  which  allusion  has  already  been  made. 
According  to  Marson,  this  is  a  very  fatal  variety  of  the  disease,  the 
mortality  reaching  forty-one  per  cent.  Strangely  enough,  in  the 
London  Smallpox  Hosi>ital  it  was  scarcely  less  destructive  to  vacci- 
nated individuals  than  to  those  who  were  unprotected  (Hilton  Fagge). 
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Vabieties. 

Apart  from  the  classical  aud  recognized  forms  of  discrete  and  con- 
flaeut  smallpox,  we  meet  also  with  the  following  varieties  of  the 
malady : 

1.  Variola  benigna  (Varioloid — French,  variole.  modifie).  This  is 
a  mild  and  abortive  form  of  smaIli>ox  in  which  the  pocks  either  fail  to 
appear  at  all  (Variola  suic  exaiilhemate,  or  F.  sine  varioUs),  or  else 
fail  to  i>a88  through  the  later  stages  of  their  development,  stopping 
short  at  the  papular  stiige  (J'arinhi.  cur/iai,  or  "  Lorupox"),  or,  if  reach- 
ing the  vesicidar  stage,  drying  up  aud  shrivelling  on  the  fifth  or  sixth 
day  of  the  eruption  (Vorloh  ven-iuxtsa,  or  "wartpox").  In  other  in- 
stances the  exaiitheii)  jiasses  rai)idly  aud  imperfectly  through  all 
phases  of  its  development,  producing  more  or  less  dwarfed  forms  of 
the  pustules. 

Some  readers  may  be  sceptical  as  to  the  existence  of  a  Variola  sine 
variolis,  but  the  evidence  is  overwhelniiug  tliat  there  really  is  such  a 
form  of  smallpox.  After  a  well-marked  initial  stage,  the  attack  aborts 
and  the  jiatient  is  well  again  in  three,  four,  or  six  days  at  the  latest. 
Dr.  Hilton  Fagge  refers  to  one  instance  of  the  kind,  which  was  at- 
tended by  a  eharacterisUc  roseola,  with  the  exception  f>f  which  tliere 
was  no  reason  to  suspect  smallpox.  8iraon  Ijus  recorded  a  similar 
case,  in  which  the  disease  aborted,  notwithstundiug  lliat  its  real 
nature  was  proved  by  the  jiatient's  sister  suffering  from  an  attack  of 
variola  at  the  same  time.  Anntlier  example  of  it  is  tlius  described  by 
Marson.  A  lady  walked  with  a  jierson  already  affected  with  small- 
pox. Twelve  days  afterwards  she  was  takeu  ill;  she  was  for  a  few 
hours  delirious,  but  her  illness  jiassed  off  without  cniption.  Twelve 
days  later  still,  her  sister,  wh()  had  not  been  out  of  the  house  for 
three  months,  was  attacked  with  the  same  disease,  which  in  her  case 
ultimately  assumed  a  ci  mtiuent  form.  Ourschmann  mentions  the  case 
of  a  woman  who  was  seized  with  sliivei'iug,  fever,  headache,  and  pain 
in  the  back,  so  that,  as  variola  was  epidemic  at  the  time,  she  seemed 
without  doubt  to  l>o  jiassiug  through  the  initial  stage  of  that  disease. 
On  the  fourth  day  defer\'escenco  occiUTcd,  no  rash  could  be  detected, 
and  by  the  tenth  day  she  felt  aud  was  jierfectly  well.  However,  she 
gave  birth  to  an  infant  which  was  covered  with  an  early  eruption  of 
smallpox.     This  afterwards  sujipurated  aud  jiroved  fatal. 

In  the  ease  of  the  so-called  wartpox  the  solid  part  of  the  pock 
remains  for  a  long  time,  jireseuting  tbe  appearance  of  a  wart,  hence 
the  name  "wartpox"  (Latin,  vvrnira,  a  wart). 

Curschmann  aptly  points  out  that  "  varioloid"  is  nothing  mr 
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than  a  form  of  true  smallpox  with  a  milder  cotirse  and  a  shorter  dura- 
tion. Many  individuals  are  attacked  only  by  this  form  becaose  of  a 
natorsJly  slight  susceptibility  to  the  contagium  of  the  disease.  Again, 
when  the  immunity  gained  through  a  previous  attack  of  smallpox,  or 
from  a  previous  inoculation,  or  by  vaccination,  has  become  impaired 
through  lapse  of  time,  then  exposure  to  the  poison  may  induce  an  at- 
tack of  modified  smallpox  or  varioloid.  There  can  be  no  doubt  that 
this  mild  form  of  so  dreadful  a  disease  as  variola  commonly  is  has 
become  relatively  much  more  frequent  since  vaccination  was  intro- 
duced about  a  century  ago. 

As  stated  above,  Hebra,  Trousseau,  and  Cuischmann  all  consider 
that,  as  a  rule,  the  development  of  the  pocks  is  less  the  more  exten- 
sive is  the  initial  erythematous  eruption.  Viewed  in  this  light  the 
purely  erythematous  rashes  of  the  invasion  stage  come  to  be  of  de- 
cided value  in  prognosis.  It  has  been  already  explained  that  these 
rashes  are  to  be  carefully  distinguished  from  the  petechise  which  form 
in  the  earliest  stage  of  some  cases  of  the  terrible  purpuric  or  hemor- 
rhagic smallpox  which  will  be  now  described. 

Variola  Maligna,  Varifda  Purpurica  vel  Hcemorrhagica. — Observa- 
tions of  some  three  thousand  cases  of  smalli>ox  in  two  hospitals  and 
during  two  epidemics  have  led  the  writer  to  the  conclusion  that  apart 
from  confluent  smallpox,  in  which  the  patient's  life  is  endangered  by 
the  amount  of  suppuration  and  the  intensity  of  the  secondary  or  sup- 
purative fever — the  so-called  "  fever  of  maturation" — malignant  small- 
pox presents  itself  clinically  under  two  forms :  (1)  purpuric  and  (2) 
hemorrhagic.  These  forms  differ  merely  in  degree ;  in  both  the  blood 
is  profoundly  altered  aud  devitalized  to  such  an  extent  that  it  is  ap- 
parently rendered  incapable  of  throwing  out  or  developing  the  char- 
acteristic or  pathognomonic  rjisli  of  variola.  In  the  purpuric  variety 
the  "dissolution  of  the  blood,"  as  it  has  been  called  by  the  older 
writers,  leads  to  the  formation  of  i)etechisB,  vibices,  or  purple  streaks 
or  blotches,  and  ecchymoses — appearances  connected  with  the  skin 
which  are  sufliciently  well  known  as  the  outcome  of  blood  changes  in 
the  graver  forms  of  most  infective  diseases  such  as  smallpox,  typhus, 
scarlatina,  measles,  and  others.  According  to  this  riew,  the  blood  is 
so  devitalized  aud  defibrinated  as  to  establish  an  acute  hwmatophilia, 
the  patients  Incoming  "bleeders"  from  an  infective  dissolution  of  the 
blood  or  hrrmatobjsiti.  Murchison,  adopting  this  view,  defines  the 
dark  purple  or  bluish  points  in  the  skin,  to  which  the  name  of  true 
pefechi<p  is  ai)plie(l,  as  consisting  of  an  infiltration  of  dissolved  hsema- 
tin  into  the  tissue  of  the  cutis.  The  bruise-like  swellings  (vHnceti) 
are  caused  by  hemorrhage  into  the  subcutaneous  and  intermuscular 
connective  tissues  (John  MacCombie). 
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Here  it  is  right  to  state  that  so  competent  an  authority  as  Unna, 
of  Hamburg,  maintains  that  the  doctrine  of  "blood  dissolution"  in 
infective  diseases  is  obsolete.  With  Klebs  he  connects  the  cutaneous 
hemorrhages  of  these  diseases  with  blocking  of  the  vessels  of  the 
skin  by  bacteria.  The  infective  forms  of  purpura  are,  according  to 
Unna,  most  simply  explained  in  this  way,  and  he  thinks  that  the 
theory  of  bacterial  coagulation-thrombosis  will  probably  play  an 
important  role  in  morbid  anatomy  in  the  not  distant  future.  In  an 
article  on  typhus  fever  the  writer"  pointed  out  that,  applying  this 
view  to  typhus,  the  petechise  which  constitute  the  later  stage  of  the 
eruption  of  that  disease  would  be  the  result  of  a  diapedesis,  depend- 
ing in  its  turn  on  clotting  of  plasma  and  consecutive  stagnation  round 
bacterial  emboli.  This  view,  mutatis  mutandis,  is  equally  applicable 
to  smallpox  and  to  typhus. 

In  hemorrhagic  smallpox,  the  "dissolution  of  the  blood,"  or  the 
bacterial  coagulation-thrombosis,  according  to  the  theory  we  adopt,  is 
carried  still  further  than  in  purpuric  smallpox.  A  condition  of  acute 
htematophilia  is  in  fact  produced,  so  that  the  ill-fated  sufferer  bleeds 
from  every  pore  and  orifice  of  the  body.  There  is  chemosis,  blood 
being  effused  into  the  connective  tissue  binding  the  conjunctiva  to  the 
eyeball,  sometimes  to  the  point  of  bursting  so  that  the  patient  may 
even  weep  tears  of  blood.  Betinal  hemorrhage  may  destroy  eyesight. 
There  is  epistaxis — terrible  because  uncontrollable.  Blood  oozes 
from  the  lips  and  gums.  The  patient  spits  or  coughs  up  blood,  he 
vomits  blood.  The  motions  from  the  bowels  are  tarry.  Blood 
pours  from  the  kidneys,  and  in  the  female  from  the  genital  organs. 
The  tongue  looks  as  if  it  was  parboiled,  and  there  is  an  unquench- 
able thirst.  Under  these  circumstances,  unless  the  hemorrhage  is 
stanched  by  turx>entine  and  ergot,  or  ferric  chloride,  or  pyrogallic, 
gallic,  or  tannic  acids,  or  other  means,  death  speedily  ensues — too 
often,  alas,  even  in  spite  of  all  that  human  skill  and  care  and  devo- 
tion can  do. 

One  of  the  most  extraordinary  as  well  as  the  most  painful  fea- 
tures of  this  deadly  malady  is  the  clearness  of  mind  which  often  re- 
mains with  the  unhappy  patient  almost  up  to  the  time  when  he  draws 
his  latest  breath.  There  is  in  some  instances  no  delirium,  no  stupor, 
no  dulling  of  the  intellect  whatever — the  victim  literally  looks  death 
in  the  face  in  full  possession  of  his  senses.  It  has  happened  to  me 
to  be  asked  by  a  patient  at  11  a.h.  how  long  he  had  to  live,  and  that 
patient  lay  dead  four  hours  afterwards.  As  Curschmann  quaintly 
says,  "  only  a  few  patients  are  fortunate  enough  to  fall  speedily  into 
delirium  or  coma." 

The  cessation  of  the  bleeding  may  bring  back  hemorrhagic  small- 
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pox  to  the  ptirpnric  form,  and  in  the  case  of  the  latter  variety  of 
malignant  smallpox  the  restoration  of  the  blood,  evidenced  by  the 
brightening  of  the  purpuric  spots,  may  be  followed  by  the  tardy 
development  of  a  copious  eruption  of  either  aborted  pustules  (pap- 
ules), in  which  case  the  patient  happily  makes  a  speedy  recovery, 
and  that  too  without  suffering  from  a  fever  of  maturation,  or  true  and 
fully  formed  pustules,  when  the  patient  has  still  to  run  the  gauntlet 
of  a  severe  attack  of  confluent  smallpox,  with  its  secondarj'  fever, 
complications,  and  sequelae.  This  is  the  idea  of  malignant  smallpox 
which  the  writer  has  formed  from  a  lengthened  experience. 

Strong  muscular  men,  the  young  and  robust,  and  pregnant  or 
recently  delivered  women  are  said  to  be  particularly  liable  to  fatal 
hemorrhagic  smallpox,  and  this  was  certainly  the  case  in  the  Dublin 
epidemics  of  1871,  1878,  and  1894-95.  Curschmann,  agreeing  in  this 
view,  adds  that  he  has  often  met  with  this  grave  variety  of  the  dis- 
ease also  in  delicate  persons  and  in  drunkards.  Marson  expressed 
the  opinion  years  ago  that  Ihe  blood,  in  this  form  of  smallpox  "is 
poisoned  from  the  very  first  and  is  rendered  very  fluid  and  watery." 

In  the  fact  that  the  true  eruption  does  not  develop,  the  two  ex- 
tremes of  smallpox  as  regards  gravity  meet,  the  most  benignant  form, 
described  by  Sydenham,  Peter  Frank,  and  others  as  Febris  variolosa 
sine  exartOiemate—whai  de  Haen  called  Variolce  sinevariolis — and  the 
so-called  Purpura  variolosa,  the  most  malignant  form  leading,  as  we 
have  seen,  to  almost  certain  death.  Under  this  latter  title  Cursch- 
mann includes  those  cases  in  which  the  process  designated  "  hemor- 
rhagic tliatliosis,"  but  which  the  writer  prefers  to  call  "acute  ha?ma- 
tophilift,"  imprints  its  frightful  stamp  upon  the  disease  even  in  its 
initial  stage,  or  during  the  eruptive  stage,  or  at  the  close  of  the  latter. 

I'driola  Uivmonhagica  Pustulma. — We  have  just  state<l  that  hemor- 
rhagic or  purpuric  symptoms  may  occur  not  only  in  the  stage  of 
invasion  (when  they  constitute  ordinary  purpuric  or  hemorrhagic 
smallpox — Piirfniid  i-ariohsa),  but  also  at  almost  any  time  in  the  stage 
of  eruption.  In  order  to  distinguish  these  latter  cases,  as  a  matter  of 
convenience  Curschmann  employs  the  term  Variola  hsemorrhagioa 
pustuloaa.  In  this  form  of  purpuric  smallpox,  the  true  exantliem 
may  become  the  seat  of  hemorrhage  in  the  i)apular,  the  vesicular,  or 
the  pustular  stage ;  most  commonly  the  i)ock8  are  about  the  size  of  a 
lentil  when  the  bleeding  into  them  begins,  and  the  characteristic 
appearance  is  seen  first  on  the  lower  extremities. 

This  variety  of  smallpox  corresi>onds  exactly  to  the  "anomalous" 
or  "irregular"  smallpox  of  1(570,  so  descrilxnl  by  Sydenham,  who 
also  speaks  oi  the  malady  as  "this  dangerous  black  smallpox"  (Vario- 
lce nigra),  in  which  "  the  eruptions  were  more  inflamed,  and  in  the 
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declensiou  after  their  suppuratiou  frequently  looked   black."     An- 
other name  for  this  variety  in  I'ariohe  mtetihv  (bloody  smallpox) . 

From  the  foregoing  description  we  may  compile  a  table  of  the 
varieties  of  smallpox,  wiiich  will  prove  nHefuI  for  reference.  It  will 
be  ol>served  that  variola  diacreta  finds  a  place  in  both  portions  of  the 
table. 

I.    Variola  Vera — Xattiral  Smallpox. 

1.  Variola  discreta,  vel  diaiincia. 

2.  Variola  coiiflueits— 

(1)  V.  semicoiifueiis  (coherent  smallpox). 

(2)  J',  cori/nihosa. 

3.  Variola  malif/na— 

(1)  V.  piirpttrica.         i     „    .  ^ 

/o\    r '    I  7      •       f    Vanoup  vinrw. 

(2)  \  .  miiiorrhagica.  ) 

(3)  V.  luvmorrhagica   ptisfidosn    (Curachmann)   CSyn. :    Vari- 
olce  nigr(e,  vel  crueiike). 

n.    Variola  modijicala,  vel  niifigafa — Varioloid :   (Variole  Modijiie) — 

Alodijied  Smallpox. 
1.    Variola  benigna — 

(1)  V.  sitie  variolis  (variolous  fever). 

(2)  P.  cornea,  vel  vernicosn  (horu|>ox,  or  wartijox). 

(3)  V.  discrela,  vel  distiricla. 

In  drawing  attention  to  this  table  I  wish  emphatically  to  enforce 
the  view  that  all  these  various  forms  are  merply  modificLitious  of  one 
and  the  same  disease,  namely,  mmdljiox.  T\'e  chus.sify  tliewe  varieties 
simply  as  a  matter  of  convenience,  and  with  Curschmaun  we  should 
hold  that  "  none  fif  these  forms  are  sharjdy  defined  amidst  the  great 
group  of  variolous  affections ;  but  there  is  rather  a  gradual  transition 
from  oue  into  the  other,  so  that  geueral  outlines  are  to  be  associated 
with  the  most  eivjtoraary  designations  rather  than  sharply  circum- 
scribed features"  (Curschmaun*). 

Temperature. 

As  pointed  out  by  Wunderlieh,"  the  fever  in  variola  exhibits  two 
diatiuct  types,  which  closely  correspond,  however,  at  their  commence- 
ment. One  of  these  types  is  a  brief  i-ontiiiiioti.'<  fever  belonging  in 
particular  to  the  milder  forma  of  variola  discreta  and  to  most  cases  of 
varioloid  or  modified  smallpox,  occurring  chiefly,  although  not  ex- 
clusively, in  vaccinated  or  inoculated  persons.  This  is  the  so-called 
prodrortial  or  initial  fever  of  the  stage  of  invasion.     Li  the  forma  of 
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the  disease  just  mentioned,  this  continuous  fever  both  b^ns  and 
usually  completes  the  febrile  movement.  The  maximal  temperature 
of  the  initial  or  prodromal  fever  is  rarely  less  than  104°  F.  (40°  C); 
it  generally  exceeds  this,  reaching  even  106°  F.  (41.1°  C).  This  great 
height  is  quickly  attained,  generally  on  the  second  day.  Soon  after 
the  true  rash  of  smallpox  appears  the  temperature  falls  more  or  less 
rapidly,  usually  from  the  fourth  to  the  sixth  day.  The  defervescence 
is  either  rapid  and  continuous,  or  slower  and  interrupted  by  a  moder- 
ate  evening  exacerbation.  In  cases  of  uncomplicated  varioloid  and 
of  mild  discrete  smallpox  this  defervescence  is  complete  and  final. 

The  fall  of  temperature  which  occurs  with  the  coming  out  of  the 
rash  of  smallpox  is  pathognomonic  of  this  disease,  and  is  therefore  of 
the  first  importance  in  diagnosis.  It  is  exactly  the  converse  of  the 
behavior  of  the  temperature  in  measles,  in  which  the  fever  is  moderate 
up  to  the  appearance  of  the  rash  and  then  becomes  more  and  more 
intense  until  the  rash  is  most  fully  developed.  It  should  be  borne  in 
mind  that  the  initial  or  prodromal  fever  is  often  very  severe  even  in 
the  mildest  cases. 

The  other  type  of  fever  in  smallpox  is  a  relapsing  type,  which  is 
characteristic  of  true  smallpox  in  its  severer  and  confluent  forms. 
The  falling  temperature  after  the  prodromal  stage  in  this  case  either 
never  reaches  the  normal  line,  remaining  at  subfebrile  (99.5°-100.4° 
F.)  or  even  at  febrile  points  (100.4°-102.2°  F.  in  the  morning,  rising 
to  10.3°  F.  in  the  evening) ;  or  tlie  normal  temperature  is  reache<l,  if 
at  all,  UMliouHly  and  defervescence  is  by  lysis. 

Then,  with  the  beginning  of  pustulation,  or  ripening  (maturation), 
of  the  esanthom,  the  temperature  again  begins  to  rise,  ushering  in  a 
secondan/  fever — the  fever  of  unppuratxon  or  of  viaturaiion  as  it  is 
called  ("  Eiteningsfiel)er"  of  the  Germans),  which  is  of  indefinite  dura- 
tion and  varioH  in  intensity  according  to  the  severity  of  the  disease. 
In  a  sharp  attack  of  discrete  or  semiconfluent  smallpox,  the  temper- 
ature in  this  secondary  fever  rarely  exceeds  103°  or  104°  F. ;  there 
are  morning  remissions,  and  the  duration  is  only  a  few  days.  In 
bad  confluent  smallpox,  on  the  other  hand,  the  fever  runs  very  high, 
presenting  sometimes  a  remittent  course  with  marked  exacerbations, 
sometimes  a  continuous  range  with  occasional  isolated  elevations  or 
npiklngs  of  temperature. 

Reiwated  elevations  of  temi)erature  above  104°  F.  (40°  C.)  during 
this  fever  of  sujipuration,  or  maturation,  are  a  sign  of  great  danger. 
In  cjwes  which  tend  towards  recovery,  defervescence  takes  place  by 
an  irregular  lysis.  In  fatal  cases,  hyperpyrexial  ieniperaiures  (107.6^ 
F.  =42'  C.)  are  wont  to  occur  l)efore,  at  the  moment  of,  or  even  after 
death.     Th.  Simon,"  of  Hamburg,  has  published  two  cases  in  which 
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430  KOORE— SMALLPOX. 

the  temperatures  after  death  were  110.75^  and  112.1°  F.  respectively. 
In  Plate  IV.  illostrating  his  work  on  "  Medical  Thermometry,"  Wun- 
derlich  includes  a  chart  of  the  temperature  in  a  case  of  smallpox,  fatal 
in  the  suppurating  stage,  in  which  the  thermometer  marked  109.2' 
F.  shortly  before  death. 

The  accompanying  temperature  charts  (Fig.  10)  are  from  cases 
observed  by  me  in  the  wards  of  Cork  Street  Fever  Hospital,  Dublin, 
and  the  Meath  Hospital  and  County  Dublin  Infirmary. 

Complications  and  Sequelae. 

The  complications  and  sequelae  of  smallpox  are  many  and  severe. 
They  arise  either  from  the  direct  effects  of  the  fever  poison  and  its 
products  on  different  parts  of  the  body  or  from  some  secondary  and 
accidental  infection  by  other  pathogenic  organisms  than  those  pecu- 
liar to  smallpox.     It  will  be  necessary  to  enumerate  these  in  detail. 

1.  The  Skin. — Ab  the  brunt  of  variolous  poisoning  in  most  cases 
falls  upon  the  skin,  it  is  to  be  expected  that  it  should  suffer  severely. 
We  therefore  are  not  surprised  to  find  that  the  skin  may  be  the  seat 
of  multiple  abscesses.  These  vary  in  size  from  a  pea  to  a  child's  head. 
They  make  their  appearance  in  and  after  the  scabbing  stage  and  may 
indefinitely  protract  convalescence.  At  Cork  Street  Fever  Hospital, 
Dublin,  in  1880,  a  man  was  discharged  after  a  sojourn  in  hospital  of 
nine  months  and  nine  days.  This  unfortunate  sufferer  had  as  many 
as  forty -two  large  alwcesses  on  his  body  as  a  sequel  to  an  attack  of 
confiueut  8malli)ox,  but  at  length  he  hapi)ily  recovered  under  anti- 
septic uuil  disinfectant  treatment.  These  abscesses  are  found  in  all 
parts  of  the  body,  but  esi)ecially  on  the  extremities,  about  the  but- 
tocks and  loiuH,  about  the  shoulders,  and  on  the  scalp.  Occasion- 
ally an  isehiorectjil  abscess  forms,  eventuating  in  fistula.  The  ac- 
companying pain  and  discomfort  may  not  be  great,  particularly  if 
the  warm-bath  treatment  to  be  afterwards  described  is  carried  out. 
Nor  is  the  constitutional  disturbance  necessaril}'  excessive,  although 
Trousseau"  8i)eaks  of  sudden  rigors  and  increased  pyrexia  ushering 
in  this  complication. 

ErysipeUiit  is  a  serious,  and  used  to  be  a  somewhat  fre<iuent  com- 
plication of  th(>  scabbing  and  desquamation  stages.  It  attacks  the 
face  and  scalp,  occasionally  the  scrotum.  The  accompanying  pyrexia 
is  apt  to  run  high  and  may  ({uickly  shatter  the  remaining  strength  of 
the  patient,  who  sinks  from  exhaustion.  Another  dangerous  element 
is  the  depth  to  which  the  erysipelatous  inflammation  is  wont  to  in^ne- 
trate,  constituting  i)hlegmouoid  erysipelas  and  perhaps  giving  rist*  to 
diffuse  cellulitis.     It  is  easy  to  see  how  fertile  a  soil  the  Streptococcus 
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erysipelatos  of  Fehleisen  finds  in  the  seared  and  scarred  skin  uf  a 
smallpox  patient,  whose  powers  of  resistance  are  reduced  to  the  lowest 
ebb. 

Boils  are  one  of  the  places  of  the  later  stapes  of  variola.  Trous- 
seau  referred  their  appearance  to  the  presence  of  a  true  "  furuiiciilar 
diathesis,"  and  this  sjieeial  complication  or  setjuei  is  now  known  as 
"  acute  furonculosis. "  It  Las  been  already  stated  that  this  trouble- 
some morbid  state  is  due  to  a  secondary  iufoction  by  the  ordinary  pus 
cocci,  and  esiiecially  hy  Staphylococcus  pyogenes  aureus  (Storuberg). 

Beilmres  have  become  infrequent  in  smallpox  since  skilled  nursing 
has  been  introduced,  and  attention  has  Iweu  paid  to  the  necessity  of 
strict  cleanliness  and  to  the  hygiene  of  the  sick-room.  A  "  bedsore" 
may  be  regai'dod  as  a  local  gangrene  of  the  skiu  and  soft  parts,  due 
to  malnutrition,  im]>aired  innervation,  pressure,  want  of  cleanliness, 
and,  above  idl,  to  an  invasion  of  saprophytic  bacteria  assuming  under 
Buch  conditions  a  i>athog6uic  energy.  Gangrene  is  a  very  rare  com- 
plication of  smallpox.  If  it  occurs,  the  scrotum  is  nearly  always  the 
part  aifeeted. 

Brownish  discohratioiis  of  the  skiu — pigmentation  from  acute  der- 
matitis— often  ])ersist  f<ir  a  long  time  after  small]>ox,  and  a  trouble- 
some and  olwtiuate  acne  pnslulosu  may  develoj)  on  the  face,  particu- 
larly over  the  bridge  and  along  the  sides  of  the  nose. 

Trousseau  attaches  coiwiderabln  prognostic  imj)ort;iiice  to  the  ex- 
treme suTUi)ig  of  the  Ini/idn  andj'fft  whicli  couimonly  follows  salivation 
and  swelling  of  the  face  in  couHuent  small]>ox.  According  in  that 
great  physician,  if  this  swelling  fails  ti»  appear,  the  patient  dies,  if 
not  always,  at  least  nearly  always.  In  this  opinion  he  agrees  with 
Sydenham,  Morton,  van  Swieten,  and  Boraieri.  This  swelling  of  the 
extremities  sets  in  at  the  close  of  the  ninth  day  with  severe  i>ain, 
which  becomes  very  violent  on  the  eleventh  or  twelfth  day  and  lasts 
until  the  thirteenth  or  fourteenth  day,  when  swelling  and  pain  sub- 
side together.  Like  the  swelling  of  the  face,  this  a-denia  of  the 
hands  and  feet  dejjends  on  the  maturatitm  of  the  ])iLstules.  The  pain 
is  caused  by  the  extreme  tension  which  results  from  the  formation  of 
pustules  under  the  dense  fascia  of  the  palms  of  the  hands  and  the 
soles  of  the  feet. 

The  EyeH. — The  eyelids  may  become  the  seat  of  abscesses,  or  they 
may  slough  a.s  the  residtof  pressure  from  swelling  or  u-dema,  caused, 
it  may  be,  by  the  presence  upon  their  external  surface  of  oven  two  or 
three  pustules.  The  organs  of  visiou  themselves  may  be  affected  in 
various  ways.  In  the  first  place,  catarrhal  or  simple  acute  cniijiinc- 
twitia  may  occur  during  or  after  an  attack  of  smallpox.  Its  direct- 
cause  is  in  many  cases  an  irritation  by  retained  unhealthy  secretic 
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owing  to  oedema  of  the  eyelids.  In  other  instances  it  results  from 
pnstulation.  Ernst  Fuchs  states  that  smallpox  pustules  not  infre- 
quently develop  nj^on  the  conjunctiva,  generally  apon  the  tarsal  con- 
junctiva near  the  intermarginal  line.  Smallpox  pustules  which  form 
upon  the  conjunctiva  of  the  eyeball,  near  the  limbus,  are  dangerous 
because  they  are  likely  to  set  up  a  purulent  keratitis  in  the  adjacent 
part  of  the  cornea — a  condition  which,  however,  should  not  be  con- 
founded with  the  corneal  abscesses  that  develop  metastatically  in 
variola. 

The  late  Professor  Homer,  of  Zurich,  studied  the  subject  of  the 
conjunctival  complication  of  smallpox  during  the  epidemic  of  1871. 
His  views  are  quoted  by  Mr.  H.  B.  Swanzy,  of  Dublin,  in  his  "  Hand- 
book of  the  Diseases  of  the  Eyes  and  their  Treatment."  Mr.  Swanzy 
reminds  us  that  a  good  deal  of  uncertainty  prevailed  previously,  for 
the  initial  stages  of  the  eye  affection  were  not  carefully  observed  by 
physicians,  owing  to  the  swelling  of  the  eyelids,  while  the  ophthal- 
mologist saw  only  the  results  of  the  process  in  the  period  of  conva- 
lescence. 

Smallpox  pustules  on  the  cornea  are.  Homer  believes,  extremely 
rare;  indeed,  he  has  seen  but  one  case.  According  to  him,  the  most 
frequent  and  most  serious  mode  of  attack  consists  in  a  grayish-yellow 
infiltration  in  the  conjunctiva  close  to  the  lower  margin  of  the  cornea, 
not  extending  to  the  fornix  conjunctivse  or  far  along  the  inner  or  outer 
margin  of  the  cornea.  This  infiltration  occurs  in  the  eruptive  stage 
and  is  to  be  regarded  clinically  as  a  variola  jjustule.  It  gives  rise  to 
a  corneal  affection,  as  does  a  solitary  marginal  phlyctenula,  either  in 
the  form  of  a  marginal  ulcer  or  as  a  deep  purulent  infiltration,  ulcer- 
ating, perforating,  leading  to  staphyloma,  purulent  iridochoroiditis 
and  panophthalmitis— results  which  are  often  observed  for  the  first 
time  long  after  the  primary  conjunctival  affection  has  disappeared. 
Homer  considers  that  the  morbific  germ  of  the  conjunctival  infiltra- 
tion makes  its  way  between  the  eyelids,  and  that  the  constancy  of  the 
position  of  the  infiltration,  below  the  cornea,  is  accounted  for  by  the 
fact  that  that  part  of  the  conjunctiva,  when  the  eyelids  are  closeil 
and  the  eyeball  is  consiMjuently  rotated  upwards,  is  the  most  exjKwed 
to  the  entrance  of  foreign  particles.  Lastly,  Homer  believes  that  the 
fre<iuoncy  with  wliioh  the  eyes  become  affected  varies  in  different 
epidomicH. 

H<»l)ra  is  of  opinion  that,  although  the  structure  of  the  conjunctiva 
is,  of  course,  analogous  to  that  of  the  other  mucous  membranes,  it 
is  only  in  very  exceptional  cases  that  we  find  it  affected  by  small- 
IK)X.  At  most  a  very  few  pustules  may  be  found  on  the  margins  of 
the  lids,  close  to  the  roots  of  the  eyelashes  and  the  structures  of  the 
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Meibomian  glands.  The  raembrane  coveriDg  the  eye  may  now  and 
then  display  a  pustule  the  size  of  a  pin's  head,  very  superficial  and 
filled  with  a  yellow  fluid.  This,  however,  quickly  bursts,  being 
macerated  by  the  conjunctival  moisture,  and  is  not  followed  either  by 
an  excoriation  of  any  size  or  by  any  disejuse  of  the  subjacent  struc- 
ttites.  Hebra's  experience  on  this  point  must  be  uniijue,  for  he  says 
that  he  can  positively  assert  and  prove  from  the  records  of  more  than 
five  thousand  eases  of  smallpox  that  even  the  superficial  pustular 
affection  just  described  occurred  in  only  one  per  cent,  of  the  cases  in 
question,  and  never  caused  any  even  ti'an.sifint  injury  to,  or  disfij^ure- 
ment  of,  the  eye  itself.  He  holds  that  when  eyesight  is  lost  in  small- 
pox, this  is  the  result,  not  of  an  idcerative  action  extending  from  the 
conjunctival  surface  to  the  deeper  parts,  but  of  the  formation  of  meta- 
static deposits  within  the  eye  occurring  as  a  sequela  of  the  disease. 

Inflammation  of  the  cornea,  or  kemiiti.'i,  is  usually  met  with  in 
the  later  stiiges  of  the  disease  or  as  a  true  jjostvariolous  affection. 
Rarely,  it  is  caused  by  puatulation;  more  commonly  it  results  from 
atrophy  from  impaired  nutrition,  leiMling  to  ulceration.  To  this  form 
of  the  lesion  the  terra  "atrophic  keratitis"  is  applied.  Perhaps  the 
most  frequent  cans.'}  is  metastasis,  which  is  thus  described  by  Ernst 
Fuchs:  "Infection  by  way  of  metastasis — i.e.,  by  germs  which  are 
circulating  in  the  blood  (endogenous  infection)  — forms  the  basis  of 
those  abscesses  which  occur  in  acute  infectious  diseases,  such  as 
smallpox,  scarlet  fever,  measles,  typhus,  etc.  The  form  of  abscess 
that  results  from  variola  ia  most  frequently  obserwd.  In  this  case  it 
makes  its  appearance,  not  at  the  height  of  the  tliseiiae,  but  in  the 
stage  of  desiccation,  and  iu  fact  sometimes  even  in  patients  who  have 
already  left  their  l>eds.  Hence  it  follows  that  it  is  not  to  be  regarded 
as  a  8maIli>ox  pustule  that  ia  localized  ui)ou  tiie  cornea.  Metastatic 
abscesses  are  found  in  cbildreu  as  well  as  in  adidts,  and  not  infre- 
(jueutly  affect  both  eyes  so  that  total  blindness  can  be  produced  by 
them." 

As  true  postvariolous  eye  affections,  Horner  recognizes  diffuse 
keratitis,  iritis  and  iridocyclitia,  with  opacities  in  the  vitreous 
humor,  and  glaucoma.  The  globe  may  su]»imrate  (panophthalmitis), 
causing  loss  of  sight.  In  the  hemorrhagic  form  of  the  disease,  hem- 
orrhages may  tidie  place  into  the  conjunctiva,  constituting  sanguine- 
ous chemosis,  or  into  and  liehind  the  retiua,  detaching  it  and  so 
leading  to  blindness.  Lastly,  when  pyaimia  comes  on,  septic  infec- 
tion of  the  choroid  and  of  the  retina  may  take  ydace. 

Tftc  Earfi. — The  sense  of  hearing  is  often  imjmired  in  one  ear  or 
in  both  ears.  W.  Stokes  and  others  have  assigned  paresis  of  the 
auditory  nerve  and  an  acute  degenerative  softening  of  the  intrinsic 
Vol..   XIIL— 28 
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muscles  of  the  ear  as  probable  causes  of  the  bilateral  deafness  so 
often  observed  in  the  coarse  of  tjphns  fever.  But  these  factors  dn 
not  play  so  important  a  part  in  the  production  of  deafness  in  small* 
pox  as  does  the  occurrence  of  an  acute  or  chronic  suppurative  otitis. 
This  comi^cation  may  affect  one  or  both  ears.  Again,  caries  of  the 
ossicles  of  the  ear — the  outcome  of  an  antecedent  otitis  media — may 
produce  partial  or  complete  loss  of  hearing.  A  third  and  still  more 
dangerous  complication  or  sequela  is  suppurative  thrombosis  of  the 
cerebral  sinuses,  arising,  it  may  be,  from  extension  of  disease  from 
the  middle  ear  through  the  mastoid  cells  to  the  dura  mater,  the 
cerebral  sinuses,  and  the  brain  itself. 

Septic  phlebitis  of  the  sinuses  may  in  turn  letui  to  pulmonary  em- 
bolism and  purulent  infiltration  of  the  lung,  or,  locally,  to  the  forma- 
tion of  a  cerebral  abscess. 

A  remote  effect  of  ear  trouble  is  the  development  of  purulent 
choroiditis  and  panophthalmitiB.  These  grave  lesions  are  brought 
about  through  plugging  of  the  ciliary  arteries  by  minute  pyemic 
emboli  which  have  been  carried  from  the  infarcted  lungs  through  the 
pulmonary  veins  into  the  left  ventricle,  and  thence  throu^  the 
branches  of  the  ophthalmic  artery  to  their  final  destination. 

Bespiratory  Organs. — The  nose  is  sometimes  the  seat  of  variolous 
ulceration  in  confluent  attacks.  Epistaxis  of  course  is  one  of  the 
manifestations  of  hemorrhage  in  purpuric  or  hemorrhagio  cases. 

Laryngitis — catarrhal,  ulcerative,  or  diphtheritic.  The  first  is 
generally  caused  by  the  presence  of  an  intralaryngeal  rash.  It  comen 
on  during  the  development  of  the  eruption  towards  the  close  of  the 
first  week,  is  ushered  in  by  hoarseness  or  huskiness,  a  harsh,  dry, 
spasmodic  cough,  and  more  or  less  tightness  of  breathing,  which  in 
severe  cases  amounts  to  urgent  and  dangerous  dyspnoea.  Aphonia  is 
an  ominous  symptom  in  this  complication. 

Less  frequently,  the  inflammation  of  the  larynx  is  diphtheritic  in 
nature ;  or  it  may  ho  ulcerative,  when  it  is  accompanied  by  destruc- 
tion of  tissue  and  may  be  followed  by  extension  of  ulcerative  proc- 
esses to  the  neighboring  tissues.  The  cartilages  are  in  such  in- 
stances erodetl,  when  the  condition  is  known  as  Perirhondntin 
lan/ngra  rariohifui.  At  the  Pathological  Stxnety  of  London,  on  April 
20tli,  1880,  Mr.  Eve  showed  a  specimen  of  laryngeal  perichondritis 
which  had  sui)or\'ened  in  the  convalescent  stage  of  smalli>ox  in  a  man 
agetl  thirty -six  years.  Tracheotomy  was  performed,  but  the  jiatient 
died.  The  epiglottis  and  arytenoepiglottiilean  folds  were  oedema- 
tous,  and  the  aryttmoid  cartilages  were  uecroseil  and  surounded  by 
ims.  In  cases  in  which  a  vesicular  rash  develops  in  and  near  the 
larynx  (jedema  of  the  glottis  may  occur.    This  deadly  complication  is 
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ushered  in  by  aphonia  and  is  likely  to  jtrove  fatal,  death  taking  place 
about  the  eighth  day. 

Travheoljroiicliilis  is  nearly  always  present  in  greater  or  less  de- 
gree. It  results,  as  in  other  fevers,  from  the  general  toxaemia;  but  a 
much  more  potent  and  peculiar  cause  is  the  preseuce  of  the  varioknis 
vesicles,  it  may  I>e  iu  vast  uumljers,  throughout  the  whole  system  of 
bronchial  tulHes.  When  the  catarrh  extends  into  the  terminal  tubes, 
a  dangerous  capillary  bronchitis  or  bronchiolitis  lights  uj).  In  young 
unvaccinated  subjects  this  may  kill  by  iudiu-iiig  asphyxia  iu  a  ]mrely 
meclmnical  way.  The  mucous  membranes  swell,  and  the  (edema  be- 
comes so  extreme  as  effectually  to  prevent  the  entrance  of  air  into 
the  pulmonary  alveoli.  In  adults,  death  may  result  from  ccmtiuued 
pyrexia  and  exhaustion,  or  from  extension  of  inflammation  into  the 
lungs  themselves,  a  widespread  lolndar  inieiniKiinn  supervening.  In 
the  aged,  palsy  of  the  bronchi  may  lead  to  death  by  tlroiniiiuj,  as  it 
were — the  secretions  not  being  discharged  by  cough;  or  heart  embar- 
rassment may  result  from  the  mechanical  obstruction  U>  the  lesser  or 
pulmonary  circulation.  Under  such  circumstances  hypostivtic  con- 
gestion or  consolidation  of  the  hiugs  may  su]>erveue. 

Jj&sily ,  pleitriti>i,  with  purulent  effusion  from  the  outset,  may  arise 
from  extension  of  inflammaticm  from  the  lungs  to  the  pleura,  or  from 
a  secondary  infectiou  by  some  of  the  jiyogeuic  microorganisms.  As 
the  serous  membranes  escape  the  variolous  eruption,  we  cannot  attrib- 
ute pleuritis  to  such  a  cause. 

CircidaUmj  Orgnntt. — Amcmg  the  scccmdary  affections  nf  the  cir- 
culatory organs  we  fiud  pfri(iir>iilis,  which  is,  however,  very  rare  in 
smallpox.  E)i(lt)canll/i,s  is  a  still  rarer  conqilication.  If  it  does  occur, 
it  is  7)ro1>ably  due  to  a  secondary  infection,  the  lesion  being  that  de- 
scribed as  malignant  or  ulcerative  endocarditis,  due  to  a  mycotic  in- 
vasion of  the  affected  tissues  by  Staphylococcus  aureus  or  Strejito- 
coecus  pyogenes.  Curschmauu  has  seen  ulcerative  endocarditis  in 
one  confluent  case. 

MijocanUl'm  (K-curs,  according  to  MacCombie,  in  a  large  number 
of  the  confluent  cases.  It  is  opeu  to  iiuestitm,  uevertheless,  whether 
the  change  which  takes  place  iu  the  heart  muscle  in  such  cases  is 
really  inflammatory  in  nature.  It  is  rather  a  gramdar  degeneration 
of  the  muscle  lilires  to  which  the  name  "  cloudy  swelling"  is  now 
commonly  applied.  Under  the  names  of  "acute  ])arenchymatous 
degeneration,"  "albuminnus  degeneration,"  "febi'ile  sfifteniug  of  the 
heart,"  "infectious  myocarditis,"  Dr.  J.  Mitcliell  Bnice,"  of  ('baring 
Cross  Hospitjil,  London,  some  years  ago  descrilied  the  acute  change 
in  the  muscular  tissue  of  the  heart  which  is  apt  to  occur  in  certain 
febrile  and  infective  diseases.     The  opinions  of  pathologists  as  to  th 
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nature  of  this  disease  have  long  been,  and  are  still,  conflicting,  some 
maintaining  that  it  is  truly  inflammatory,  others  that  it  is  degenera- 
tive only. 

"Parenchymatous  myocarditis"  is  the  result  of  acute  febrile  and 
infective  processes,  such  as  scarlatina,  diphtheria,  variola,  typhus, 
typhoid,  and  relapsing  fevers,  septicaemia  and  pyaemia,  more  rarely 
measles.  The  condition  may  be  set  up  during  the  later,  as  well  as  in 
the  earlier,  stages  of  these  diseases,  or  even  during  convalescence. 
In  it  the  heart  is  sometimes  distinctly  dilated;  the  myocardium  is  of 
a  dirty  grayish-red  or  grayish-yellow  color,  with  occasional  extrava- 
sations; its  consistence  is  soft;  its  substance  is  lax,  flabby,  and  fri- 
able. Thrombi  may  be  found  in  the  ventricles.  Microscopically, 
the  muscular  fibres  are  swollen,  their  striation  is  more  or  lees  lost 
and  replaced  by  granular  (albuminous)  and  fatty  molecules;  occa- 
sionally they  undergo  waxy  d^eneration  (Zenker) .  Along  with  these 
evidences  of  degeneration  there  are  found  certain  appearances  which 
suggest  regeneration.  Lastly,  the  blood-vessels  are  dilated  and  are 
the  seat  of  thrombosis,  with  obliterative  endarteritis  of  the  arterioles. 

Dr.  Bruce  points  out  that  the  pathological  connection  between  this 
acute  parenchymatous  change  and  its  cause  is  still  unsettled.  It  may 
be  the  result  of  the  specific  action  of  the  several  poisons,  or  of  the 
pyrexia,  or  of  both,  on  the  protoplasm.  It  is  closely  related  to  fatty 
degeneration  of  the  heart— indeed,  if  the  destructive  part  of  the  proc- 
ess be  in  excess,  the  chauge  rapidly  proceeds  to  fatty  degenerati«)u, 
which  then  covers,  or  takes  the  place  of,  the  other  changes. 

As  regards  the  symptoms,  cardiac  failure  is  the  chief  evidence  o! 
this  condition  of  the  myocardium. 

Beinorrhagvs — (a)  cutaneous;  {ft)  from  mucous  membranes;  (;') 
from  serous  niembraues.  It  has  been  shown  above  that  the  purpuric 
manifestations  and  bleedings  of  malignant  smallpox  have  l)eeu  vari- 
ously explained.  Older  ob8er\'er8  held  that  the  blood  is  in  th(>H6 
oases  destroyed  by  the  variolous  poison— a  condition  of  acute  h<pma- 
tolysis  being  induced.  The  modern  school,  represented  by  Klelx 
and  Uuna,  maiuiaiu  that  the  phenomena  in  (luestiou  result  from  a 
bacterial  coagulation  thrombosis  (see  page  425). 

In  the  series  of  drawings  of  sraalli>ox  by  Mr.  J.  Conolly,  of  Dub- 
lin, to  which  allusion  has  more  than  once  been  made  in  this  article, 
hemorrhages  into  the  skin,  the  mucous  membranes,  and  the  serous 
membranes  have  all  l)eeu  iK)rtrayed  with  artistic  fidelity  and  skill. 

Venous  thnnnbosis  is  an  occasional  se<iuel,  causing  phlegmasia 
alba  doleuH,  or  "white  leg."  This  condition  may  also,  however,  de- 
pend on  obstruction  of  the  lymph  channels  or  inflammation  of  the 
BobcutaneouH  areolar  tissue  (diffuse  cellulitis) . 
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Digestive  ft'^ana.— Secondary  affections  of  the  digestive  organs 
are  uncommon  in  smallpox. 

The  (oiigiic  may  1)6  euormoualj'  swollen,  so  as  to  i>rotmde  from 
the  mouth  and  seriously  to  impede  both  respiration  and  deglutition. 
In  extreme  eases  the  dysphagia  may  be  complete,  rendering  it  neces- 
sary to  8ui)port  the  patient  bj-  rectal  feeding.  The  cedema  of  the 
tongue  is  symptomatic  of  a  true  ghssHis,  due  to  the  presence  of  a 
variolous  rash  in  the  mouth  and  affecting  the  tongue  itaeK.  It  is  a 
painful  affection,  and  not  less  dangerous  tbau  pjunful.  Ulcerative 
stomatitis  commonly  accompanies  the  glossitis  in  these  cases.  The 
salivary  glands  are  occasionally  inflamed,  but  this  is  not  a  serious 
complication. 

When  the  intestines  are  the  seat  of  a  thick-set  variolous  eruption, 
diarrluen  is  very  likely  to  occur.  It  is  a  dangerous  complication, 
likely  to  cause  death,  particularl.y  in  young  uuvaceiuated  children. 
Coli(i»  may  be  attended  by  dysenteric  discharges — offensive,  mucoid, 
and  sanguineous.     Sydenham  sjjeaks  of  a  variola  dyseiilencu. 

Hannatemesis  or  melxviia  may  accomjjany  hemorrhagic  or  purpui'ic 
smallpox. 

Peritonitis  has  l>eeu  occasionally  observed.  MaeCombie  saw  ex- 
tensive ijeritonitis  in  two  cases  after  abortion,  also  in  an  adult  male 
along  with  pleurisy.  In  a  fourth  case  he  found  peritonitis  limited  to 
the  left  bypochondrium  and  epigastrium  in  a  patient  whose  spleen 
was  studded  by  large  emboli . 

Kidneys. — The  secondary  affections  of  the  renal  organs  which  call 
for  remark  are:  AlhitntiiiKri'i,  wbich  is  not  infrequent  in  the  acute 
stages  of  the  severer  forms  of  the  disease.  This  symptom  does  not 
necessarily  imply  the  presence  of  kidney  disease,  for  with  the  ex- 
cessive blorKl  changes  wliich  may  occur  in  liad  smallpox  no  loss  than 
in  bad  typhus,  blood  senira  may  find  its  way  into  the  urine.  Accord- 
ing to  Abeille  (quoted  by  Trousseau)  albuminuria  is  jiresent  in  about 
one-third  of  the  cases. 

Hoimaiiiria  is  a  common  symptom  in  purpuric  smallpox. 

Acute  7iephrHi>i  is  a  rare  complication  or  rather  setiuela,  for  it  is 
more  likely  to  occur  in  convalescence  than  in  the  acute  stages  of  the 
disease. 

Cijstitis  has  teen  observed,  especially  in  cases  in  which  there  has 
been  retention  of  urine,  either  from  inattention  in  delirious  cases  or 
from  paralysis  of  the  walls  of  the  bladder.  The  latter  accident  is  not 
at  all  so  usual  in  smallpox  as  it  is  in  typhus  fever. 

Nervous  System. — Among  secondary  affections  of  the  nervous  sys- 
tem, deliritim  occupies  the  first  place.     It  is  usually  unassociated  wi' 
memngitis  and  depends  on  the  direct  influence  of  the  variolous  poii 
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on  the  brain,  or  on  the  disordered  and  impaired  blood  snpply  of  the 
nervous  tissue,  or  on  pain  and  sleeplessness,  particularly  in  the  pus- 
tular and  crusting  stages  of  confluent  smallpox.  Ab  has  been  already 
stated,  the  raving  in  this  disease  is  often  violent  and  noisy  (delirium 
/erox) ,  less  frequently  busy  with  muscular  agitation  (delirium  tremens) ; 
in  the  later  stages,  of  the  low  muttering  type  (typhomania) .  Trous- 
seau said  he  did  not  fear  delirium  if  the  pulse  maintained  its  volume 
and  did  not  become  rapid,  and  if  sweating  continued;  but  if  the 
skin  is  dry  and  cold — if  the  pulse  loses  its  proper  strength  and  be- 
comes small,  sharp,  or  irregular,  the  delirium  has  a  very  different 
meaning,  and  is  a  certain  sign  of  approaching  death. 

Meningitis  is  rarely  met  with.  Its  existence  may  be  inferred  from 
the  following  symptoms:  excruciating  headache,  delirium,  morbid 
acuteness  of  the  senses,  signalized  by  extreme  intolerance  of  light 
(photophobia)  and  of  sound,  bounding  pulse,  nausea  and  vomiting, 
loud  cries  and  screams  (cri  cMbral),  as  well  as  strabismus,  ptosis, 
opisthotonos,  and  partial  palsy.  A  red  streak  is  often  left  upon  the 
skin  after  pressure  by  the  finger.  This  symptom  is  known  as  the 
tache  cir&n-ale,  or  cerebral  stain. 

Trousseau  mentions  the  case  of  a  woman,  who,  during  the 
progress  of  modified  smallpox,  presented  no  disturbance  of  the 
nervous  system,  except  attacks  of  acute  mania  without  fever.  In 
1878  Seppilli  and  E.  Maragliano"  reported  three  cases  in  which  in- 
sanity followed  nn  nttiick  of  smallpox.  One  patient  remained  incur- 
ablj'  insane.  The  others  recovered  after  a  course  of  appropriate 
treatment.  In  a  fourth  case,  ou  the  other  hand,  the  patient  was  a 
violent  mauijic  aud  under  treatment  in  a  lunatic  asylum  from  April 
12th  to  -June  Int,  1877.  At  the  latter  date  he  was  seized  with  small- 
pox of  the  confluent  tyi>e.  The  disease  went  through  its  usual  stages, 
but  during  its  progress  the  maniaoil  symptoms  subsided  and  were 
succeeded  by  the  moHt  complete  tramiuillity.  The  erui)tion  dis- 
appeared in  due  course,  and  ou  the  passing  off  of  the  attack  of  small- 
pox the  patient  was  reatore<l  to  the  full  possession  of  his  mental 
faculties  aud  was  discharged  from  the  asylum  a  sane  man. 

According  to  Trousseau,  in  a  great  many  ca-ses  the  lumbar 
pain  (racljialgia)  of  the  initial  stage  is  accompanied  by  parapk'jia. 
The  i)atients  themselves  mention  this  paralysis  without  suggestion 
by  the  physician.  They  complain  of  painful  numbness  in,  and 
inability  to  move,  the  lower  extremities.  The  motor  i)ower  is  in 
no  way  impaired  in  the  upper  extremities.  The  bladder  is  some- 
times involved,  as  is  shown  by  retention  of  urine,  or  at  least 
by  great  dysuriii.  The  parai)legic  symptoms  are  generally  of  short 
duration,  ceasing  siMutaneously  when  the  rash  appears.     In  some 
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cases  they  last  till  tlio  nintli  or  tenth  day ;  iu  others  they  persist 
throughout  the  whole  attack,  constituting,  it  may  be,  a  sequela  as 
weD  as  a  compliciitiou. 

Peripheral  neuritis  is  very  rare  in  smallpox.  To  such  a  lesiou, 
however,  Combemale"  wouKl  attribute  certain  of  the  disorders  of 
speech  which  are  occasionally  obsen-ed  iu  variola.  This  author  has 
been  able  to  collect  only  ten  examples  of  variolous  speech  disorders. 
In  a  girl,  aged  twenty  years,  the  temperature  was  very  high  through- 
out an  attack  of  smallpox,  and  the  delirium  was  marked.  On  the 
twelfth  day  a  certain  slowness  iu  articulation  was  noticed ;  the  voice 
was  somewhat  nasal  in  character,  and  there  was  a  slight  but  appar- 
ently fleeting  internal  strabismus.  The  uvula  deviated  to  the  left  and 
was  insensitive.  There  was  much  difficulty  iu  framing  answers  to 
{jnestions.  On  the  twenty-fifth  day  the  difficulty  iu  8[>eech  still  per- 
sisted, and  the  left  ujjper  eyelid  drof>ped  a  little.  Tlie  labials  and 
dentals  were  badly  pronounced.  In  twti  mouths'  time  the  improve^ 
ment  was  very  considerable.  The  author  refers  to  two  cases  reported 
by  Saint-Philippe,  in  which  the  difficulty  iu  speech  occurred  quite 
early  in  the  disease,  namely,  during  the  invasion.  In  both  cases 
there  was  also  difficulty  in  swallowing,  and  in  one  i'uho  a,  jiaraplegia 
from  which  the  patient  recovered  in  a  montli's  time.  In  two  ca.ses, 
both  in  women  a  little  over  forty,  rei)orted  to  the  Clinical  Society  of 
London  iu  l.SSfi  by  Wliipliiim  and  A.  T.  Myers,"  the  difficulty  in 
8i>eech  a]>peared  during  the  erujitiou,  and  there  was  in  addition  some 
loss  of  power  in  the  extremities.  When  speaking,  the  syllables  were 
scanned  or  "sijueezed  out."  These  jiatients  recovered  only  incom- 
pletely from  the  speech  aflVctitm  utter  a  period  of  six  and  four  years 
respectively.  Combemale  thinks  that  the  first  three  eases  were  of  the 
nature  of  a  paralysis,  and  that  the  List  two  were  atjixic  in  character. 
The  paralytic  affection  of  the  speech,  he  tbiuks,  is  cnmmon,  but  the 
verbal  ataxia  is  rare.  The  latter  is  due  to  a  jiersistent  lesion  in  the 
nervous  centres,  such  (us  minute  hemoiThages,  but  the  jtaralysis  he 
would  look  upon  as  due  to  tlie  effects  of  the  toxins  up<m  the  peripheral 
nerves.  If  it  is  accepted  that  membrane  on  the  palate  is  a  neces- 
sary condition  for  a  subsequent  paralysis  of  the  palate  in  diphtheria, 
BO  it  ma\'  be  taken  tiiat  tlie  eniption  on  tbe  palate  and  other  organs 
concerned  in  ai-ticulatiou  is  necessary  to  the  development  of  speech 
defects  in  variola.  Combemale  has  noticed  that  many  patients  sjieak 
wath  a  nasal  twang  during  convalescence  from  variola.  Hughlings 
Jackson  suggests  that  a  thrombosis  occurring  in  a  minute  vessel  of 
the  medulla  oblongata  might  best  explain  the  cases  recorded  by  Dre. 
Whipham  and  Myers. 

Westphal "  has  carefully  studied  cases  of  paralysis  of  the  low*" 
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extremities  and  of  the  bladder  in  smallpox,  and  has  shown  that  the 
symptoms  are  often  dae  to  numerons  circomscribed  foci  of  inflam- 
mation in  the  gray  and  white  matter  of  the  spinal  cord  (nufeUti$ 
disseminata). 

DisaemiruUed  Spinal  Sclerosis. — Sottas  records  in  the  Gazette  des 
HSpitaux,  Apnl  12th,  1892,  the  case  of  a  yonth,  aged  eighteen  years, 
who  contracted  variola  in  June,  1891.  The  rash  was  discrete,  bat 
the  nenrons  symptoms  were  so  severe  as  to  lead  to  the  snppoeition 
that  meningitis  was  present.  The  patient  became  semicomatose  ai^ 
generally  paralyzed.  His  speech  was  slow  and  dragging  rather  than 
scanning.  There  were  slight  nystagmus,  without  tremor  of  the  head, 
and  atrophy  of  the  muscles  of  the  trunk  and  limbs,  with  great  dimi- 
nution of  muscular  power.  In  fact,  at  this  time  the  paralytic  symp- 
toms were  dominant,  but  they  disappeared  little  by  little,  and  gave 
place  to  contracture.  The  reflexes  became  exaggerated,  and  there 
was  incoordination  of  voluntary  movement,  with  the  characteristio 
tremors.  At  the  end  of  February,  1892,  he  presented  a  typical  pic- 
ture of  disseminated  sclerosis.  The  sphincters  were  normal,  and 
common  sensibility,  the  special  senses,  and  the  muscular  sense  were 
preserved.  There  were  no  trophic  troubles  of  the  skin.  Intelligenoe 
was  diminished ;  he  was  excitable,  impatient,  and  subject  to  violent 
fits  of  rage  without  much  cause.  Sottas  looks  upon  the  case  as  a 
typical  example  of  disseminated  sclerosis  of  infectious  origin. 

Whether  epilepsy  ever  occurs  as  a  real  sequela  of  smallpox  is,  in 
Curschmann's  opinion,  verj*  doubtful. 

Dr.  Stephen  Mackenzie  has  recorded  in  Brain  a  case  of  anterinr 
poliomyelitis  which  occurred  after  variola. 

Genital  Organs. — Secondary  affections  of  the  organs  of  generation 
occasionally  occur. 

Phimosis  has  been  known  to  result  from  oedema  of  the  prepuce, 
which  is  sometimes  extreme  in  confluent  cases. 

Trousseau  mentions  orchitis  and  ovaritis,  its  analogue  in  the 
female,  as  sometimes  developing  concurrently  with  the  appearance 
of  the  eruption.  M.  Beraud,  a  hospital  surgeon,  treated  this  subject 
in  a  very  complete  manner  in  the  Archives  gSn^rales  de  Miderine, 
March  and  May,  1859.  Trousseau  says  that  we  must  not  restrict  the 
terms  orchitis  and  ovaritis  to  inflammation  of  the  parenchyma  of  the 
testicle  or  ovar;*,  but  extend  it  to  inflammation  of  the  tunica  vaginalis 
and  of  the  folds  of  x)eritoneum  which  surround  the  ovaries.  The  in- 
flammation of  these  serous  membranes  results  from  the  varioloos 
poisoning,  but  is  not  due,  as  Trousseau  believed,  to  the  presence  on 
the  membranes  of  a  smallpox  eruption.  Variolous  orchitis  is  de- 
tected by  the  patient  complaining  of  pain  when  the  slightest  prossote 
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is  made  on  the  scrotum  or  when  he  moves.  Forthwith,  swelling  of 
the  parts  ia  perceived  and  subsequently  fluctuation.  The  pain  is  said 
to  be  less  acute  when  the  inflammation  occupies  the  parenchyma  of 
the  organ.  The  symptoms  of  ovaritis  are  not  so  well  marked  and  are 
less  known. 

Joint  disease,  with  painful  swellings,  effusions  of  serum  or  pus, 
inflammation  of  cartilages  and  of  bones,  may  occur  during  or  imme- 
diately after  smallpox.  In  1887  Arthur  Neve,"  of  the  Mission  Hos- 
pital, Cashmere,  communicated  a  series  of  cases  of  bone  disease  after 
smallpox  in  young  children.  In  his  paper  Mr.  Neve  makes  the  as- 
tounding statement  that  probably  over  seventy -live  per  cent,  of  the 
population  of  Cashmere  die  in  childhood  from  smallpox.  The  cases 
he  reports  are  these:  disease  of  botli  elbow-joiuts  and  one  WTiatrjoint 
in  a  boy,  aged  three  years,  simultaneous  excisions,  cure;  complete 
necrosis  of  ulna,  resection,  cure;  necrosis  of  scapula,  resection,  cure; 
acute  suppuration  of  shoulder-joint,  incision  and  drainage,  cure.  Mr. 
Neve  regards  the  foregoing  as  fairly  typical  examples  of  a  class  of 
cases  common  wherever  vaccination  is  not  practised. 

Sepdccemia  and  pi/(nnia  are  rare  complications  or  sequelae  of  small- 
pox. Pyaemia,  with  purulent  deposits  in  the  joints  or  multiple  ab- 
scesses, is  a  fatal  complication  in  the  crusting  stage  or  later.  Its 
occurrence  may  be  inferred  from  the  following  symptoms:  repeated 
rigors,  unstable  spiking  temperature  ranges,  extreme  prostration, 
heart  failure,  an  icteroid  tinge  of  the  skin  and  conjunctivas,  and  profuse 
sweating. 

Curschmann  considers  that  more  has  been  said  concerning  pyne- 
mic  symptoms  in  the  periods  of  suppuration  and  desiccation  than  is 
warranted  by  facts.  He  has,  notwithstanding,  seen  two  unmistakable 
cases  of  this  kind,  in  which  abscesses  in  the  liver  and  lungs  were 
found  at  the  autopsy. 

Pathology. 

The  morbid  anatomy  of  the  skin  and  mucous  membranes  must 
first  be  considered. 

"  Unlike  the  papule  of  measles  and  of  most  other  exanthemata, " 
writes  Hilton  Fagge,  "  the  papule  of  smallpox  depends  upon  a  definite 
change  in  the  superficial  and  middle  cells  of  the  rete  mucosum,  which 
from  the  very  commeucement  of  the  morbid  i)roce8s  are  swollen  and 
opaque,  and  in  their  midst  exudation  quickly  takes  jdace,  so  that  by 
the  end  of  two  days  the  Iiomy  laj'er  of  the  epidermis  is  raised  to  form 
a  minute  conical  vesicle."  Subsequently,  the  pustule  forms  as  a 
result  of  cell  proliferation,  and  a  central  depression — the  so-called 
nmbilionB — develops,  at  the  bottom  of  which  the  opening  of  a  L* 
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follicle  or  sweat  gland  is,  according  to  Corschmami,  frequently  found. 
This  fact  suggested  an  explanation  of  the  formation  of  the  umbilicus, 
so  characteristic  of  the  smallpox  pustule.  Either  of  these  structures 
— the  hair  follicle  or  the  sweat  gland — may  form  a  retinaculum,  tying 
down  the  roof  of  the  vesicle  in  the  middle. 

This  explanation,  however,  is  not  always  applicable,  "since,"  says 
Hilton  Fagge,  "  the  pock  does  not  necessarily  bear  a  definite  relation 
to  any  of  the  canals  which  traverse  the  cuticle.  In  all  probability  a 
similar  function  is  then  discharged  by  one  of  many  other  bands  which 
cross  the  upper  part  of  every  vesicle  in  a  direction  more  or  less  verti- 
cal, dividing  it  into  a  number  of  separate  chambers"  (or  hadi). 
"  This  hculated  character  of  the  pock  attracted  notice  long  before  its 
nature  was  understood ;  it  affords  the  reason  why  only  a  small  part 
of  the  fluid  is  evacuated  when  a  needle  is  introduced  into  the  roof  at 
a  single  spot.  .  .  .  Auspitz  and  Basch  showed  several  years  ago 
that  all  the  septa  in  question  are  in  reality  formed  out  of  the  original 
cells  of  the  rete  mucosum,  small  bundles  of  which  adhere  together, 
and  become  stretched  out  into  filaments  and  bands,  as  the  exudation 
accumulates  around  them.  In  this  fluid  leucocytes  are  present  in 
small  number  from  the  very  fiirst;  they  go  on  increasing,  and  it  grad- 
ually passes  from  transparent  serum  into  opaque  pus ;  the  change  is 
complete  in  about  six  or  seven  days  from  the  first  appearance  of  the 
papule — that  is,  in  the  earliest  part  of  the  eruption,  by  ihe  ninth  or 
tenth  day  of  the  disease. " 

The  morbid  processes  in  the  skin  are  by  no  means  confined  solely 
to  the  epidermis.  The  papillary  layer  of  the  derma  is  also  the  seat 
of  a  variolous  inflammation  which  may  have  very  important  and  seri- 
ous consetjuences.  According  to  von  Biirenspruug,  a  hypenemia 
extends  down  through  the  whole  thickness  of  the  skin.  The  exuda- 
tion which  fills  the  vesicle  and  afterwards  the  pustule  is  derivetl  from 
these  va.scular  (hypenomic)  tissues.  Some  of  the  papillae  are,  accord- 
ing to  Curschmann,  flattened  by  pressure,  becoming  in  consecjuence 
permanently  atrophied.  Otliers,  however,  are  infiltrated  by  leuco- 
cytes t<i  8U(rh  an  oxtont  as  to  obliterate  their  nutrient  blood-vessels 
and  so  to  destroy  their  struc^turo,  converting  them  into  a  white  or 
ash-gray  sulwtauce — the  (h'phfherUic  pock  of  the  German  histolo- 
gists."  To  i)rove  this,  which  is  an  example  of  so-called  coagulation 
necrosis,  Riudflcisch  gives  a  drawing  from  an  injected  preparation,  in 
which  tho  iiffoctod  area  had  failed  to  receive  any  of  the  coloring  mat- 
ter (Hilton  FagKc). 

The  most  recent  views  on  the  morbid  anatomy  of  the  skin  in 
smallpox  are  those  put  forward  by  ITnna  in  his  work  on  "  The  Histo- 
pathology  of  the  Diseases  of  the  Skin."    He  shows  that  the  poisoned 
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epitlie—om  in  the  upper  pricklo  layer  of  the  rete  mucoaum  softens  and 
becomes  a?tlematou8  from  swelling  of  the  pratopliism  within  the  epi- 
thelial cells,  while  a  secondary  coagulation  uf  the  allmmiuoid  hodies 
set  free  from  the  epithelial  protophusm  takes  place,  constituting  a 
fibrinoid  degeneration  of  the  epithelium.  In  smallpox  this  advances 
slowly,  much  more  slowly  than  in  cliiekeupox,  and  is  (luickly  followed 
by  sujjpuration.  Tliis  arises  partly  from  intense  iuHammatiou,  partly 
from  a  secondary  infection  of  the  skin  by  ]»yogenic  microorganisms. 

Owing  to  the  slow  advance  of  the  colli^iuatinn  or  softening  of  the 
prickle  cells,  other  epithelial  cells  are  compressed  into  trabecule  or 
septa,  jjerpendicular  in  the  centre  and  directed  somewhat  outward.s 
at  the  side.  The  younger  epithelial  cells  of  the  lower  i>rickle  layer 
meanwhile  assume  the  form  of  hollow  spheres  or  balloons.  Unna 
accordingly  describes  the  fibrinoid  degeneration  of  the  ejiithelium  in 
smallijox  as  i)resenting  two  forms — refiaihiiiig  mUiquation  (or  soften- 
ing) and  Itollooiihuf  colUqiiatio}i.  The  first  predominates  at  the  periph- 
ery of  the  pock,  the  second  at  its  centre. 

niitlnllaifio)!  is  to  be  ascribed,  in  the  vesicular  stage,  in  part  to 
reticulating  degeneration,  in  part  to  epithelial  oideraa.  Of  these,  the 
former  is  often  esjiecially  developed  at  the  peri]>hery  of  the  jjock ;  the 
latter  is  always  limited  to  the  perii>hery.  The  less  swollen  centre, 
where  ballooning  coUiquatiou  predominates,  simply  remains  behind. 
Unna  a4lmits  that,  where  a  hair  folliclo  accidentally  runs  through  the 
centre  of  the  pock,  a  form  of  depression  may  be  i)ro(luced,  for  the 
sweUing  of  the  prickle  layer  will  here  be  limited  by  the  comified  neck 
of  the  hair  follicle.  But  this  exceptional  case  does  not  ex[>lain  the 
characteristic  central  depression  of  the  smallpox  vesicle,  to  which  the 
term  "  umbilicatiou"  is  applied.  This  depends  on  the  two  changes 
in  the  periphery  of  the  pock  which  have  been  mentioned — reticular 
coliitpiatiim  and  tedematous  swelling  of  the  epithelium,  while  bal- 
looning degeneration  tn-  colli(iuatiou  leads  only  to  a  very  slight  in- 
crease in  the  centre  of  the  vesicle.  Hence  the  jieriphery  is  jinuiiinent, 
the  centre  is  dejjressed  and  apparently  retracte<l.  From  the  fifth  day 
onward  the  blood-vessels  throughout  the  cutis  are  dilated.  A  full 
stream  of  leucocytes  causes  an  ever-iucreasiug  iiifarctitm  or  plugging 
of  the  vesicle  or  pustule,  which  is  thus  converted  into  an  almost  solid 
tissue,  or,  if  the  homy  layer  of  the  cutis  yields,  a  more  or  less  pro- 
fuse suppiiration  lasts  for  a  time  or  speedily  ends  in  the  formation  of 
a  crust  or  scab. 

When  the  scab  is  thrown  off,  a  jwrsistent  trough-like  depression 
is  displayed  (Unna).  The  depth  of  the  scar  dejieuds  on  the  degree 
and  the  duration  of  the  flattening  of  the  biuso  of  the  pock  beneath  the 
pustule  and  the  scab.     Hence  Unna  says  that  "  the  rational  treatment 
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to  avoid  scars  should  be  mainly  directed  to  the  aborting  of  the  pus- 
tular stage,  and  the  rapid  removal  of  the  scab  by  profuse  epithelial 
new  growth." 

The  liver,  kidneys,  spleen,  and  heart  mascle  undergo  important 
morbid  changes.  The  spleen  sweUd,  its  pulp  becomes  soft  and  of  a 
light  red  color,  in  those  who  die  early  in  the  disease.  It  subse- 
quently resumes  its  normal  appearance  except  in  purpuric  smallpox, 
when  it  may  be  found  small,  hard,  of  a  dirty  dark  red  color,  some- 
times ndtli  white  or  yellowish  follicles  (Poniick").  The  liver  and 
kidneys  are  the  seat  sometimes  of  cloudy  swelling  (granular  d^ene- 
ration),  sometimes  of  acute  fatty  degeneration  resembling  that  pro- 
duced by  poisoning  with  phosphorus.  Fatty  degeneration  is  the 
more  advanced  condition  in  which  granular  swelling  may  terminate. 
These  organs  may  be  found  normal  when  death  occurs  either  too  soon 
to  permit  of  degenerative  changes,  or  so  late  that  they  have  returned 
to  their  normal  condition.  The  bUe  is  generally  pale  and  thin  in 
confluent  smallpox. 

Semmola  and  Gioffredi,  of  Naples  (Vol.  IX.,  p.  426  of  this  se- 
ries) recall  the  fact  that  Siderey  has  recently  made  a  very  exhaustive 
study  of  the  anatomical  changes  of  the  liver  occurring  in  smaUpox. 
There  is  first,  lie  says,  an  intense  congestion  of  the  liver  with  migra- 
tion of  leucocytes  and  swelling  of  the  endothelium  of  the  capillaries, 
and  later  the  hepatic  cells  ]iarticipate  in  the  infectiouB  process,  pre- 
senting le.sions  varying  from  simple  swelling  to  complete  fatty  degen- 
eration. Laiire,  who  has  studied  the  changes  in  the  liver  in  various 
infectious,  found  in  all  cases  that  the  hepatic  cells  became  cloudy  and 
ini]ltrat4Hl  with  fiit  granules,  the  capillaries  of  the  lobule  were  dilated, 
and  the  jierilobular  connective  tissue  was  hyperplastic.  It  thus  en- 
croached ui)on  the  lobule  so  as  to  interfere  with  the  circulation  and 
couse<]ueutly  the  nutrition  of  the  hepatic  cells. 

The  heart  muHclo  may  undergo  degenerative  changes  like  those 
observed  in  the  liver  and  kidneys.  These  have  been  already  de- 
scribed above  (page  435). 

lu  licmorrhagie  smalliiox,  large  or  small  hemorrhages  may  be 
found  in  nearly  all  the  viscera,  ecchymoses  in  the  serous  membranes, 
and  extrnvasiitinuH  of  blood  in  almost  aU  the  mucous  membranes. 

In  the  Hkiu,  the  dark  imrplo  spots  called  \i bices  and  the  smaller 

petechite,  persist  after  death,  because  they  result  from  hemorrhage 

into  and,  it  may  be,  under  the  skin — such  hemorrhage  being  prob- 

'l.v  caused  fas  has  been  shown  above)  by  diapedesis  of  the  red  blood 

pusclea  in  the  train  of  bacterial  thrombosis. 
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Diagnosis. 


The  recognitiou  of  smallpox  may  seem  to  be  an  easy  matter,  and 
so  no  doubt  it  la  in  a  larye  uumlwr  of  tbe  cases.  Every  now  and 
then,  however,  instances  occur  in  which  an  accurate  diaj^'Uiisis  is,  at 
all  events  for  a  time,  a  matter  of  extreme  difficulty.  The  character- 
istic symptoms  of  the  disease  are  masked,  or  the  onset  of  the  attack 
may  present  symptoms  which  are  supposed  to  belong  to  some  other 
malady,  such  as  measles  or  scarhitina  or  typhu.s  among  others. 

In  all  cases  account  should  be  taken  of  any  jirevailiug  eiudemic. 
We  should  also  inquire  whether  the  patient  has  been  exposed  to  any 
special  infection  and  whether  he  has  akeady  suffered  frftin  any  of 
the  eruptive  or  continued  fevers,  the  onset  or  coui-so  of  which  might 
be  mistakeu  for  smallpox,  or,  conversely,  smallpox  for  them.  In 
this  connection  it  is  to  be  remembered  that,  as  a  rule,  the  various 
infective  diseases,  particularly  those  which  are  attended  by  marked 
pyrexia,  confer  ujiou  an  individual  a  more  or  less  ctimiilete  immunity 
against  future  attacks.  The  bearing  of  this  clinical  and  ]>athological 
fact  on  the  (juestion  of  diagnosis  is  ob\dous. 

It  is  iu  the  invasion  and  early  eruptive  stages  tliat  difficulties 
usually  arise.  Having  considered  the  facts  relating  to  tlie  prevalence 
of  any  special  epidemic  at  the  time  and  to  exposure  to  any  imrticular 
infection,  the  physician  will  carefully  olwerve  the  .symptoms  which 
are  present.  A  sudden  onset,  with  chills  or  rigors,  headache,  severe 
lumbar  or  sacral  pain,  pain  iu  the  pit  of  the  stomach,  nausea,  often 
vomiting,  delirium,  constipation,  thirst,  sweating,  furred  tongue  and 
fetid  breath,  with  the  a])poaraDCO  upon  the  skin  of  an  accidental  ery- 
thematous rash,  constitute  a  groui)  of  symjitoms  the  presence  of 
which  should  suggest  smalliiox. 

The  morbid  states  which  may  Vie  confounded  with  smallpox,  or 
vice  versd,  are  as  follows  : 

Lumbago. — Rheumatism  of  the  lumbar  muscles,  especially  the 
erector  spina,  and  of  the  lumbar  fascia  may  be  simulated  by  the  back- 
ache of  smallpox.  But  lumbago  is  uuaccomjianied  by  fever,  head- 
ache, or  the  other  initial  symptoms  of  smalljiox. 

Simple  Fever. — The  prodromal  fever  of  smallpox  may  be  mistakeu 
for  ephemeral  or  8im]>Ie  fever,  wliich,  however,  lias  no  rash  and  gen- 
erally (juickly  passes  off. 

Scarlet  Fecer. — The  onset  of  both  scarlatina  and  smallpox  is  sud- 
den and  accompanied  by  headache,  nausea,  or  vomiting,  and  (in 
children)  diarrhoea.  The  difficulty  of  diagnosis  is  increased  when  » 
Bcarlatiniform  rash  overspreads  the  surface.     The  marked  sore  throa' 
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of  scarlatina  is,  however,  wanting  in  smallpox,  while  backache  is 
absent  in  scarlatina.  The  enlargement  of  the  papilln  of  the  tongoe 
so  characteristic  of  scarlatina — constituting  the  cat's  tongae  or  straw- 
berry tongue  of  that  disease — is  not  observed  in  smallpox,  in  which 
the  tongae  is  thickly  coated  with  a  thick,  foal,  creamy,  or  blanke^y 
for.  The  temperature  falls  more  quickly  in  smallpox  than  in  scarla- 
tina, when  the  true  rash  of  the  former  disease  appears. 

Measlea. — The  initial  macular  rash,  and  the  papular  stage  of  the 
true  rash,  may  be  taken  for  measles,  the  marked  ooryzal  symptoms 
of  which  are  absent;  in  measles  too  the  fever  increases  as  the  rash 
comes  out,  while  in  smallpox  it  decreases.  At  the  onset  of  a  papular 
eruption  it  is  often  difficult  to  decide  whether  the  case  is  one  of 
measles  or  smallpox.  The  following  method,  called  the  "Grisolle 
sign, "  is  a  certain  means  of  diagnosis.  If  upon  stretching  an  affected 
portion  of  the  skin  the  papule  becomes  impaljiable  to  the  touch,  the 
eruption  is  caused  by  measles ;  if,  on  the  contrary,  the  i>apule  is  still 
felt  when  the  skin  is  drawn  out,  the  eruption  is  the  result  of  small- 
pox. The  papules  of  smallpox  are  hard  and  shotfy  to  the  touch; 
those  of  measles  are  soft  and  velvety. 

The  i>ain  in  the  back  is  wanting  in  measles,  which  usually  attacks 
young  children,  whereas  smallpox  commonly  occurs  among  adults. 
At  the  beginning,  also,  confluent  smallpox  presents  its  true  empti<ni 
on  the  second  day,  whereas  the  measles  rash  does  not  develop  until 
the  fourth  or  fifth  day.  H.  Koplik,"  of  New  York,  has  recently 
drawn  attention  to  a  characteristic  sign  of  measles  occnrring  on  the 
buccal  mucous  membrane,  which  may  aid  in  making  a  differential 
diagnosis.  During  the  first  twenty-four  or  forty-eight  hours  of  the 
invasion  of  measles  a  distinct  eruption  of  small,  irregular  spots  of  a 
bright  red  color  is  to  he  invariably  seen  on  the  buccal  mucous  mem- 
brane and  tlie  inside  of  the  \iim.  In  the  centre  of  each  spot,  in 
strong  ilayliglit,  a  minute  bluish-white  speck  is  noticed.  These 
specks  of  blulHh-white,  surrounded  by  a  red  zone,  are  seen  only  on 
the  buccal  mucous  membrane  and  the  inside  of  the  MyiB,  not  on  the 
soft  or  hard  palate,  the  appearances  in  connection  with  which  are  in 
no  vfay  characteristic  or  i>athognomonic. 

Typhm  Fever. — The  onset  of  smallpox  and  that  of  typhus  often 
closely  resemble  each  other.  Tlie  fever  continues  and  even  increases 
after  the  appearance  of  the  rash  in  typhus.  The  rash  in  the  latter 
disease  also  is  macular  rather  than  i>apulnr.  At  its  first  appearance 
alone  is  it  raised  alM)ut  the  level  of  the  skiu  and  then  only  to  a  trifling 
extent.  The  subspijuent  course  of  the  two  fevers  is  essentially  differ- 
ent. It  should  not  l)e  forgotten  also  that  the  eruption  in  smallpox 
affects  the  face  in  particular,  because  of  its  vascularity  and  exposure, 
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wboceas  in  typhas  the  rasli  spares  the  face,  or  is  not  noticed  there, 
perhaps  from  tlie  presence  of  a  malar  blush,  or  suubum,  or 
freckles. 

St/plnlis. — Strange  as  it  may  appear,  a  luacnlar  syphilide — syph- 
ilitic roseola — aud  later  ou  a  pustular  syphilide  liavp  beeu  ooufouudod 
with  smallpox,  or  the  reverse.  The  cliuical  history  should  solve  the 
difficulty  without  miich  trouble.  The  severe  initial  symptoms  of 
smallpox  will  be  wiiiitiuK  iu  a  case  of  syphilis,  while  there  will  be 
enlargemeut  of  the  iu^uiiial  glands. 

Medicinal  Easheii. — In  connection  with  the  subject  of  venereal  af- 
fections, I  may  mention  that  iu  recent  epidemics  nf  fiinallpox  \i\  Dub- 
lin, male  patients  were  every  now  and  then  sent  into  Cork  Street  Fever 
Hospital  aa  suffering  from  smallpox,  but  on  examination  it  turned 
out  that  the  suspicious  rashes,  tiie  develniiment  aud  appearance  of 
which  caused  them  to  be  sent  to  hosjiital,  were  duo  to  the  fact  that 
they  had  been  taking  cubebs,  copaiba,  or  jierliaps  iodide  of  jjotassium 
— the  rashes  were  minliciual  rashes.  The  curious  ])ustular  eru]>tiou 
which  sometimes  accomi>anies  the  iugestion  of  iodide  of  potassium  is 
figured  in  Plate  XXXHI.  of  the  "Atlas  of  Skin  Diseases,"  published 
by  the  New  Sydenham  Society,  Loudon. 

Plotnain  Pui.ioniii'j. — Cii-ses  of  poisoning  by  meat,  milk  products, 
fish,  or  shell-fish,  sometimes  present  sym[it<ans  wliich  iu  Die  sudden- 
ness of  their  apjiearauce,  their  nature,  and  intensity  more  or  less  re- 
semble the  onset  of  variola.  Accidental  erythemata  may  also  accom- 
pany such  cases  and  increase  the  difficulty  of  iliagno.sis.  An  absence 
of  a  history  of  exposure  to  infection  and  a  jiositivf  liistory  of  some 
error  in  diet  may  help  to  a  right  couclusinn  without  much  delay. 

Faricella  or  Cliifken/HKi: — It  is  of  the  first  importance  correctly  to 
diagnosticate  varicella  from  variola.  In  eases  of  doubt,  it  will  be 
better  for  the  i)hyi,iciau  to  act  as  if  the  disease  were  really  varioloid, 
in  order  to  protect  the  commuuity. 

At  this  time  of  day,  it  seems  hardly  uece.ssary  to  insist  that 
varicella  is  a  disease  of  its  own  kind  {tmi  tjt'iu'rifi),  absolutely  distinct 
from  small [)ox  in  all  respects.  But  the  glamour  which  attaches  to  the 
name  of  the  great  dermatologist  of  Vienna,  Hebra,  aud  to  tliat  of  his 
son-in-law,  Kaj>osi — both  of  whom  refuse  to  recognize  the  separate 
identity  of  chickenpox — renders  imperative  a  statement  of  the  grounds 
upon  which  a  differential  diagnosis  is  based,  (tf  these  tlie  principal 
are  here  given  after  Trousseau's  ju^count,  contained  iu  his  masterly 
"Cliniqne  Medicale  de  I'Hotel  Dieu." 

1.  Chickenpox  has  often  prevailed  ejiidemically  without  smallpox. 
Mtihl,  for  eKanii>Ie,  states  that  from  1809  to  182H  chickenpox  was  an- 
nually observed  at  Copenhagen,  from  which  smallpox  was  absent.     On 
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the  other  hand,  yarioloid  has  never  been  prevalent  without  coiaoident 
smallpox. 

2.  As  to  age,  very  young  children  are  attacked  by  ohickenpox, 
whereas  smallpox  in  a  population  protected  by  vaccination  nsoally 
shows  itself  in  adults.  If  unvaccinated  children  are  attacked  by 
smallpox,  it  is  apt  to  prove  virulent — hemorrhagic  or  confluent,  and 
to  kill  speedily. 

3.  Chickenpox  had  been  described  and  known  long  before  the 
introduction  of  vaccination,  previously  to  which  date  varioloid  was 
rarely  met  with. 

4.  Vaccinated  children  readily  take  chickenpox,  not  so  smallpox, 
even  in  the  form  of  varioloid. 

5.  Children  who  have  had  chickenpox  may  contract  smallpox  even 
soon  afterwards.  In  the  Lancet  for  1877  a  case  is  recorded  of  an  un- 
vaccinated chUd,  who  was  admitted  into  St.  Thomas's  Hospital  for 
chickenpox,  but  who  was  placed  on  the  floor  containing  the  small- 
pox wards  because  the  diagnosis  was  at  first  uncertain.  Two 
days  afterwards  vaccination  was  performed,  which  succeeded. 
Eight  days  later  stiU  the  child  fell  ill  with  modified  smallpox 
(Hilton  Fagge). 

6.  The  two  diseases  may  coexist.  In  1845  Dr.  Delpech  pub- 
lished a  case  of  this  kind. 

7.  The  vims  of  chickenpox  never  gives  rise  to  smallpox,  and  the 
converse  of  this  proposition  is  believed  to  be  e<iually  true. 

8.  Chickenpox  is  generally  held  to  be  non-inoculable,  whereas 
smallpox  is  notoriously  inoculable. 

9.  Second  attacks  of  chickenpox  are  not  uncommon,  while  small- 
pox rarely  occurs  twice  in  the  same  person. 

(The  opinion  of  Trousseau  here  expressed  is  by  no  means  univer- 
sally held.  For  example,  Hilton  Fagge  states  that  "  second  attacks 
of  chickenpox  are  almost  unkuown."  Dr.  MacCombie  has  not  seen 
a]  second  attack,  nor  has  Thomas,  of  Leipsic,  author  of  the  article 
on  "Varicella"  in  von  Ziemssen's  "Cyclopjedia  of  the  Practice  of 
Medicine."  In  a  long  exi)erieuce  I  cannot  mj'self  recall  a  single  in- 
stance in  which  chickenpox  has  recurred  in  a  given  individual.  On 
the  other  hand,  Gerhardt  treated  a  child  for  even  three  attacks  of 
varicella.  Heim  reports  a  similar  case.  Vetter,  Kassowitz,  Boeck, 
Hufelaud,  Caustatt,  and  Trousseau  all  report  recurrent  attacks  in  the 
same  i)atient. ) 

10.  The  eruption  of  chickenpox  may  set  in  after  twenty-four 
hours,  that  of  varioloid  is  postponed  to  the  fourth  or  fifth  day. 

11.  The  febrile  movement  in  chickenpox  continues  after  the  spots 
apiMMtr,  that  in  varioloid  subsides. 
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12.  In  chickenpox  the  spota  come  out  in  snccessive  crops  and  the 
fever  is  slight  aud  remittent. 

{Plate  XL'STE.  in  Willan  and  Batemau's  "  Delineations  of  Cutane- 
ous Diseases,"  jmblished  in  Loudon  in  1817,  afl'ords  iiu  excellent  il- 
lustration of  the  rash  of  chickenpox  presenting  its  various  stages  of 
development  at  the  same  time.  In  the  descriptive  letter-press  Dr. 
Bateman  writes:  "The  intermixture  of  rising  vesicles  with  those  that 
are  puckered  and  subsiding  and  others  that  are  drviug  iuto  scabs,  on 
the  fifth  or  sixth  da.v,  as  here  represented,  constitutes  a  principal 
point  in  the  diagnosis  between  this  erui)tiou  and  small jiox.") 

13.  The  characters  of  the  spots  are  essentially^  different  in  the  two 
diseases. 

14.  Chickenpox  is  not  a  deadly  disease,  whereas  even  the  mildest 
form  of  smallpox  may  prove  fatal. 

The  interested  reader  will  find  an  excellent  statement  by  Dr. 
Samuel  Jones  Gee  of  the  arguments  in  favor  of  the  non-identity  of 
varicella  and  variola  in  Vol.  I.  of  Reynokls'  "System  of  Medicine." 

Herpes. — That  a  mistake  in  diagnosis  sometimes  occurs  between 
variola  aud  "  shingles"  appears  to  me  to  be  tolerably  clear  from  a 
careful  study  of  a  plate  in  the  fii-st  volume  of  Edgar  M.  C'rookshank's 
"  History  aud  Pathology  of  Vaccination,"  "  reproduced  from  Dr.  Alex- 
ander Mouro's  "  Observations  on  the  Different  Kinds  of  Snialljiox," 
published  at  Eiliuburgh  in  1818,  and  purporting  to  represent  "  small- 
pox after  jjerfect  vaccination. "  So  far  as  the  illustration  is  concerned, 
it  is  impossible  to  su]>I)<jso  that  the  "  rasli"  portrayed  on  the  ince  is 
anything  else  than  crops  of  herjvetic  vesicles.  Their  distribution  on 
the  right  side  of  the  face  only,  aud  along  the  supraorbital  brauch  of 
the  fifth  nerve  and  the  facial  nerve,  together  with  their  a[)poarance, 
size,  and  grouping — all  go  to  su^iport  the  view  that  the  affection  is 
herpes  zoster.  It  is  not  denied  that  the  patient,  who  was  Dr.  Mon- 
ro's eldest  snu,  aged  fifteen  years,  had  smallpox.  This  is  evident 
from  the  cliniciU  report  of  the  ca-se  with  the  concurrent  testimony  of 
Dr.  Rutherford  and  Mr.  Bryce,  the  latter  justly  considered  one  of  the 
greatest  authorities  of  the  day  on  8niall[)ox.  Indeed,  three  of  Dr. 
Monro's  children  had  varioloid  at  the  same  time.  All  that  is  con- 
tended for  is  that  the  patient  in  question  suffered  from  shingles  in 
addition  to  varioloid. 

Erysipekis. — The  vast  and  unsightly  swelling  of  the  fjxce  in  con- 
fluent smallpox  is  very  like  erysipelas,  but  a  careful  physical  exami- 
nation would  set  the  question  of  diagnosis  at  rest. 

Glanders. — Dr.  Robert  Liveiug  says  that,  of  all  diseases,  perhaps 

glanders  in  an  early  stage  is  the  one  most  likely  to  be  mistaken  for 

smallpox.     The  febrile  symptoms  are  like  those  of  smallpox,  and  the 
Vni.    vni  _M 
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rash  consists  of  hard  infiltrations  in  the  skin  and  mncons  membrane, 
which  quickly  suppurate  and  form  deep  and  inflamed  ulcers.  When 
these  infiltrations  are  small  and  scattered,  and  before  ulceration  has 
begun,  the  difficulty  of  a  diagnosis  is  by  no  means  slight.  Glanders 
is  a  rare  disease  and  usually  occurs  in  grooms  and  stablemen.  The 
rash  comes  out  in  aucceamve  crops  and  ulcerates  rapidly. 

Acne  Puafulosa. — Curschmann  includes  this  skin  disease  among 
the  affections  which  have  to  be  distinguished  from  smaUpox.  The 
local  distribution  of  the  acne  x^apules  and  pustules  on  the  face,  neck, 
and  shoulders ;  the  absence  of  the  initial  symptoms  of  variola,  and 
the  comparative  chronicity  of  acne  serve  as  grounds  for  a  diagnosis. 

Pemphigus  wants  the  symptoms  of  Bmalli>ox.  The  bulls  or  blebs 
are  generally  larger  than  variolous  pustules.  The  onset  and  course 
of  the  two  diseases  are  entirely  different.  The  blebs  appear  in  suc- 
cessive crops,  often  sparing  the  face,  hands,  and  feet  The  acute  form 
of  the  disease  is  almost  peculiar  to  children. 

Acute  rheumatism,  when  accompanied  by  erythematous  or  pur- 
puric rashes,  or  by  abundant  crops  of  sudamina  or  miliary  vesicles, 
may  simulate  variola  by  reason  of  the  pains,  the  pyrexia,  and  the 
sweating.  In  a  short  time,  however,  all  difficulty  will  vanish,  as  the 
course  run  by  the  two  diseases  is  essentially  different. 

Meningitis,  according  to  Curschmann,  may  resemble  quite  closely 
the  initial  stage  of  variola.  In  both  diseases  we  have  intense  head- 
ache, vertigo,  delirium,  coma,  and  convulsions.  The  most  doubtful 
cases  are  those  of  meningitis  of  the  convexity  extending  over  both 
hemispheres  and  without  localizing  symptoms.  The  rash  of  small- 
I)ox  is  wanting,  and  the  fever  runs  on  in  meningitis.  The  difficulty 
of  diagnosis  is  much  increased  in  cases  of  ei)idemic  cerebrospinal 
meningitis,  in  which  erythematous  and  purpuric  rashes  may  ap{)ear. 
The  following  clinical  obserA-ation  will  illustrate  this  statement : 

Francis  M'G ,  aged  15  years,  was  admitted  to  one  of  the  small- 
pox wards  at  Cork  Street  Fever  Hospital,  Dublin,  on  Tuesday  evening, 
April  'i7th,  1880.  He  was  a  drajier's  assistant.  His  illness  began 
about  noon  on  Saturday,  April  24th.  AMiile  at  work  he  was  sud- 
denly attacked  by  i)ain  in  the  small  of  the  back,  with  headache,  nau- 
sea, and  vomiting.  In  the  evening  his  throat  felt  very  sore.  Next 
day  he  iK'caiiie  worse,  having  no  ai)petite  and  complaining  of  contin- 
uous headaoho,  backache,  and  sore  throat.  He  was  removed  to  tli«' 
hospital  on  Monday.  On  the  next  day  (Tuesday)  a  rash  ai)i)earwl 
(fourth  day  of  illness) .  On  the  backs  of  the  hands  and  forearms  werp 
numerous  ihhIuIcs  and  irregular  patches  of  eniption,  ])iuk,  reatlily 
effaced,  and  distinctly  elevated — at  least  on  the  liimds.  Scattered 
over  the  legs  were  numerous  punctiform  hemorrhagic  patches.  His 
face  was  flushed,  hut  there  waw  no  orui)tion  on  it.  A  provisional  di- 
agnosis of  purpuric  smallpox  was  made,  so  that  the  patient  was  sent 
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to  Cork  Street  Hospital,  where  he  was  placed,  aa  a  case  of  variola, 
uuiler  the  care  of  my  coUeafoi6i  the  late  K.  J.  Harvey.  On  Wedues- 
day  morning,  April  28th,  the  fifth  Jay  of  the  attack,  Dr.  Harvey  at 
Lis  first  visit  recognized  so  many  anomalies  iu  the  Bymjitoma  that, 
believing  the  case  was  not  one  of  Hmallpt)x,  he  left  a  message  for  me 
to  see  the  patient.  I  accordingly  did  so.  The  pulse  was  now  120, 
the  axillary  temi>erature  was  104.0°  F. ;  the  tongue  was  thickly  furred 
and  the  i>apil!iB  were  red  and  enlarged,  as  iu  scarlatina.  The  mucous 
membranes  over  the  fauces,  palate,  and  pliaryux  were  dce])l3'  injected, 
showing  liere  and  there  patches  of  whitish  exudation.  At  tliis  time 
he  complained  of  only  slight  heiwlache  and  of  very  little  pain  iu  tlie 
back.  There  was,  however,  a  decided  stiffness  of  the  nape  of  the 
neck,  with  retraction  of  the  head;  occa-sinual  jerking  of  the  muscles 
of  the  neck  and  face  was  noticed.  The  Ixiwcls  were  obstinately  con- 
fined. A  profuse  erujition  covered  the  body  iu  general,  but  iu  par- 
ticular the  back  and  the  posterior  as|iect  of  the  legs  and  arms.  The 
eruption  was  of  a  deep  rose  color  and  consisted  of  mon^  nr  less  ele- 
vated macidie.  The  s])ots  varied  in  size  from  very  small  jniimlea  (on 
the  uock)  to  patches  as  large  as  a  fiorin  and  of  irregular  outline. 
They  showed  a  tendency  to  coalesce,  were  slightly  elevated — at  least 
at  the  edges,  which  were  whitish  like  tiie  wheals  in  urticaria — and  in 
mauy  cases  had  a  distinct  reddish  oi'  even  ]iur]ile  centre.  They  were 
reathly  effaced  on  jjressure.  The  i«itches  of  eruption  were  test  seen 
on  tlie  back,  the  extensor  aai)ect  of  the  forearms,  the  elbows,  and  but- 
tocks. On  the  inner  and  hnut  jiart  of  each  shin  was  a  punctiform 
hemorrhagic  j)atch.  The  eruption  was  markedly  absent  from  the 
face,  only  one  small  j)atch  on  the  lower  lip  above  the  chin  being 
ohsen'ed. 

The  appearance  of  the  eruption,  tlie  marked  cerebrospinal  symp- 
tfims,  and  the  history  of  the  attack  at  once  recalled  to  mind  the  cases 
of  epidemic  cerebros])inal  meningitis  which  I  had  seen  at  the  Meath 
Hospital  in  18(;7,  under  the  care  uf  Drs.  Htokes  and  Alfred  Hudson. 
At  all  events  it  wixs  clear  that  the  patient  was  not  suffering  from 
smallpox,  and  iu-cordingly  he  was  removed  without  delay  to  the 
uon-iufectious  fever  ward  iu  the  fever  hospibil.  There  he  passed 
through  several  days  of  thmgerous  iUuess,  iu  whicli  all  the  symptoms 
of  meningitis — including  cerebral  VDmitiug  and  the  l<icfir  eMhrale 
ijr  line  left  after  drawing  the  finger  sharjily  across  the  skin — were 
present.  On  May  /)th  (the  twelfth  day)  he  recovered  consciousness. 
The  preceding  days  were  to  1dm  a  blank.  The  last  thing  he  re- 
memlwred  was  his  being  carried  from  the  smalljiox  wards  to  the 
fever  hospital. 

The  patient  continued  to  go  on  well  until  the  Slth  of  May — the 
twelfth  day  after  his  admission  to  the  smallpox  wards.  On  the  even- 
ing of  this  day  the  temperature  began  to  rise,  reaching  104.8'  F.  on 
the  evening  ot  the  11th,  wheu  the  rash  of  variola  discreta  ap]>eared. 
The  disease  ran  a  favorable  course,  but  the  ]iustiilea  were  of  an  un- 
usually large  size.  On  the  15th  and  IGth  of  May  the  h?m]ierature 
rose  again,  when  the  throat  became  very  sore.  Patches  of  di[jhthe- 
ritic  exudation  now  appeared  on  the  fauces  and  uviUa,  which  waa 
considerably  elongated.     The  tliroat  was  much  better  iu  a  few  days 
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and  the  patient  speedily  convalesced.     He  left  the  hospital  quite  well 
on  June  18th,  1880,  fifty-two  days  after  admission. 

That  the  original  malady  from  which  F.  M'G.  snfTered  was  not 
smallpox  with  marked  cerebrospinal  symptoms  is  proved  by  the  nc- 
corrence  of  an  undoubted  attack  of  smallpox  twelve  days  after  ex- 
posure to  the  contagion  of  that  disease.  The  mode  of  onset — sud- 
den, with  pain  in  the  head  and  back,  nausea,  and  sore  throat;  the 
subsequent  development  of  such  nervous  or  ataxic  symptoms  as  re- 
traction of  the  head,  stiffness  of  the  neck,  muscular  twitchings, 
throbbing  of  the  carotids,  spasmodic  vomiting,  and  the  cerebral 
stain;  and  lastly,  the  peculiarities  of  the  rash — all  justify  the  opinion 
that  the  first  attack  was  probably  one  of  exanthematic  cerebrospinal 
meningitis. 

Malignant  or  ulcerative  endocarditig,  when  accompanied  by  an  ery- 
thematous or  purpuric  rash,  may  give  rise  to  a  suspicion  of  small- 
pox. But  symptoms  of  pyemia  will  probably  have  been  already 
present,  and  the  intensity  of  the  fever  and  the  profound  prostration 
of  pyaemia  will  help  the  diagnosis. 

PrognoBis. 

In  prevaccination  times  smallpox  was  infinitely  more  destructive 
to  life  than  it  has  since  become.  No  epidemic  disease  wius  ho  much 
dreaded  in  olden  times  from  its  loathsomeness  as  well  as  from  its 
dangerous  nature.  Vaccination  has  acted  l)eneficially  in  more  ways 
than  one.  It  has  protected  young  children,  we  may  say  alisolutely, 
against  smallpox ;  or,  failing  that,  its  influence  has  substituted  vario- 
loid for  the  fatal  variola  vera  in  both  children  and  adults. 

The  mortality  from  smallpox  depends  on :  (1)  The  patient's  state 
as  regards  previous  protection  by  an  attack  of  natural  8malljK>x,  by 
inoculation,  or  by  vaccination ;  (2)  the  virulence  of  the  disease  itself — 
the  hemorrhagic  form  being  the  most  deadly,  next  the  purpuric  form, 
then  the  confluent  form ;  (3)  the  general  hygienic  condition  or  other- 
wise of  the  patient's  surroundings;  (4)  the  presence  or  otherwise  of 
complications. 

Smallpox  is  most  fatal  to  unvaccinated  children  under  five  yeurn 
of  age  and  to  unvaccinated  adults  over  thirty  years.  It  is  estimato<l 
that  50  per  cent,  of  the  confluent  cases,  and  100  i)er  cent,  of  the 
malignant  cases,  jjerish.  The  influence  of  vaccination  for  go<Hl  is 
unquestionable — the  mortality  being  50  i)er  cent,  among  the  unvac- 
cinated in  general,  26  per  cent,  among  the  badly  vaccinated,  and  only 
2.3  per  cent,  among  the  efficiently  vaccinated. 
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lu  Sheffield,  in  the  outbreak  of  1887-88,  of  4,703  cases,  474  proved 
fatal,  or  10  jjer  cent. ;  of  4,151  vaccinated  patientfl,  200  died,  or  4.8 
per  cent. ;  of  652  imvaccinated  patients,  274  died,  or  49.6  per  cent. 
(Barry"). 

Hemorrhagic  or  malignant  smallpox  may  kill  in  four,  five,  or  six 
days  from  the  earliest  symptoms.  In  confluent  smallpox,  on  tlie 
contrary,  the  patient  seldom  dies  Viefore  the  eleventh  day,  and  in  gen- 
eral, according  to  Trousseau,  the  moat  fatal  epochs  are  the  twelfth, 
thirteenth,  and  fcjurteenth  days. 

In  the  case  of  a  di.'iease  like  smallpox,  in  which  the  blood  is  poi- 
soned and  destroyed  from  the  outset,  it  gt>es  without  saying  that 
defective  sanitary  surroundings — such  as  overcrowding,  want  of  ven- 
tilation, l)a<l  house  drainage,  and  so  on — must  enormously  increase 
the  patiput's  risk. 

Again,  the  complications  and  sequelsB  of  the  disease  often  slay 
the  unfortunat'e  individual  who  had  esca])ed  from  the  perils  which 
l>eset  the  earlier  part  of  his  passage  through  smallpox.  CEdema  of 
the  glottis,  perichondritis  laryugea  (iuflaramation  of  the  cartilages  of 
the  larynx),  bronchitis  (especially  in  winter),  and  diarrhcea  may  kill 
straight  off;  while  ]iya='mia,  septicspmia,  and  the  furmieular  diathesis 
may  exhaust  thi>  i>atieut's  strength  after  weeks  or  even  mouths  of 
suffering. 

In  his  Medical  Report  of  Cork  Htreot  Fever  Hospital,  Dublin, 
for  the  year  ending  March  l-ilst,  1880,  Dr.  Reulien  J.  Harvey  included 
a  table  showing  how  protracted  was  the  stay  in  hospital  of  many  of 
the  non-vaccinated  patients  who  ultimately  recovered  from  smallpox. 
The  high  death-rate  among  the  unvaccinated  cases,  fearful  as  it  is,  is 
not  the  only  calamitj'  the  Wctims  of  a  small  jiox  epidemic  have  to 
encounter.  In  the  year  named,  fifty  out  of  seventy-four  unvaccinated 
patients  died  in  the  hospitiil.  Of  the  twenty-four  who  recovered, 
one-half  were  detained  in  hospital  for  a  period  of  from  one  to  three 
mouths;  and  Ijoils,  abscesses,  and  eye  affections  occurred  in  those 
cases  with  a  frequency  aud  severity  altogether  out.of  jn-oportiou  either 
to  their  numbers  or  to  the  apparent  severity  of  the  primary  attack. 

In  the  medical  report  of  the  hospital  for  the  following  year  (end- 
ing March  .31st,  1881)  I  gave  a  similar  tidile,  which  illustrated  the 
tediousness  of  the  recovery  of  several  non- vaccinated  i)atieut8,  who 
indeed  escaped  with  their  lives,  but  were  fat+^d  to  pass  through  weeks 
or  mouths  of  suffering  before  they  were  fully  convalescent.  lu  one 
cuse  sixty-eight  days,  in  another  seventy -seven  days,  and  in  a  third 
one  hundred  and  six  days  were  spent  in  hospital  liy  these  victims  of 
non-vaccination  8mall]>ox.  Even  this  was  surpassed  in  the  case  of  a 
man  who  was  discharged  after  a  sojourn  of  nine  months  and  nine  days. 
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This  unfortunat©  sufferer  bad  as  many  aa  forty -two  large  abscesses 
on  his  body  as  a  sequel  to  the  smallpox,  but  at  length  he  happily 
recovered  under  antiseptic  treatment. 

My  medical  report  of  Cork  Street  Fever  Hospital  for  the  hospital 
year  ended  March  3l8t,  1881,  contains  a  series  of  tables  relating  to  the 
epidemic  of  smallpox  which  was  fast  waning  at  the  date  mentioned. 
It  may  prove  of  interest  to  quote  some  of  the  facta  contained  in  those 
tables,  as  they  bear  directly  upon  the  question  of  prognosis.  Within 
tifty-tbree  raontlis,  from  November,  1876,  to  March,  1881,  inclusive, 
2,801  smallpox  patients  were  admitted  to  the  epidemic  wards.  In 
the  year  ended  March  Slst,  1879,  the  admissions  were  1,509,  and  the 
deaths  357,  or  23.6  per  cent.  In  the  next  year,  1879-80,  the  atimis- 
sions  were  600,  and  the  deaths  119,  or  19.8  per  cent.  In  1880-81 
the  adinissiou-s  fell  to  411,  but  the  deaths  were  88,  or  21.4  per  cent. 
Table  I.  and  those  which  follow  it  illustrate  the  principal  facts  con- 
nected with  the  epidemic  as  observed  in  the  hospital  from  its  com- 
mencement to  the  close  of  the  official  year,  1880-81. 

In  the  table  the  dineane  is  classified  as  "iliscrete,"  "confluent," 
and  "malignant."  There  were  1,625  discrete,  857  confluent,  and  333 
malignant  cases.  Of  the  large  number  of  discrete  cases  only  14 
proved  fabil,  the  mortality'  not  being  one  per  cent.  (0.8) ;  whereas 
of  857  confluent  Cftses  344  ended  in  death,  the  mortality  being  40.1 
])er  cent. ;  and  of  333  malignant  cases  253  died,  the  mortality  rising 
to  75.9  per  cent. 
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THE   MuKT.ILITT. 


Front  Ajiiil  hi.  lifm,  Ui  Mftreh  Slut,  1881. 


Varieties. 

Number  of 
cases. 

Proportion 
per  cent,  of 
all  the  cases. 

BecOTered. 

Died. 

MortalitT. 
peroeot. 

Disorete 

1,035 
H57 
333 

57.7 
30.5 
11.8 

1,611 

S18 

80 

14 
344 
253 

0  8 

t"ont1u(-iit  ...    

Mnlignant 

40.1 
75  0 

Total 

3,S15 

100.0 

2,204 

en 

81.7 

lu  Table  11.  wo  have  statistics  as  to  the  relative  incidence  of  the 
different  forms  of  the  diHease  on  the  sexes. 

The  most  striking  feature  in  this  table  is  the  perceptibly  higher 
rate  of  mortality  ainoug  the  malignant  eases  in  females  than  in 
Dales.  Tliis  wa.s  no  donbt  due  to  the  occurrence  of  abortion,  or  of 
>remature  couliuement  with  hemoiThage,  or  of  menorrhagia. 
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Table  II. — Snowrao  the  Relation  Between  thk  Set  of  tiie  Patients,  the 
Type  of  the  Disease,  and  the  Mobtality. 

Fium  April  M,  lA'TO,  to  March  31>t,  ISSl. 


Sbl 


DlSCHETB. 


8M 


i.eas 


ISl 


0  6 
1.0 


CoSrHTBKT. 


471 

3H0 


857 


I! 


41.1 
38.B 


MAUQHAirr. 


i>i^ 

^  s 

^ 

^8 

fl 

■B 

5« 

H 

o 

ss- 

17H 

taa 

74,7 

IM 

130 

77.4 

ass 

aw 

75.9 

Total. 


1,M5 

i.aro 


i,81! 


l.lilS 

mi 


8.a(M 


en 


•58 


SI. 6 
SI  .9 


ai.7 


The  tliird  teble  hriiiKS  out  two  interestiug  pointH :  first,  the  les- 
aeiiiux  severity  uf  the  (liseivae  as  it  attacks  vacciuated  iiKlividuals 
t mv a rd  the  floats  of  tho  0]>idemi(';  seeuudly,  the  untably  lar^jt'r  prti- 
portiou  of  uuvacci Dated  males  who  suffered  from  coufiiieut  siualljiox. 
Taking  the  whole  ejiideiuie,  wo  see  tliat  24  per  ceut.  of  vawinatad 
males  aud  2ri.fi  per  wiit.  uf  varciuated  f(^iualt's  had  the  disease  iu  a 
I'oiiflnent  form;  while  iu  the  year  eudiug  March  ^Ist,  1881,  the  corre- 
siHiudiu^  figures  were  ouly  10.1  jwr  ceut.  of  vacciuated  males  and 
11.1  per  cent,  of  vacciuated  fenudes.  The  milder  type  of  the  dise^ase 
amoug  uuvaeciuated  ca-ses  is  also  shawu  to  a  le.s9  extent. 


Ta£LE  III. — SHOWiNa  the  Relation   between  Vaccination,  the  Sex  of  thk 
Patients,  and  the  Type  of  the  Dihease. 

From  April  lal.  WA'f ,  to  March  J  HI,  ISSl. 


Hai,ic8. 

Fkhalei. 

Total, 

CoDflueut. 

Per  cent. 

ToUI. 

CoDfiuenl. 

Per  cent,. 

V(K:cioat^<i 

108 
33 

17 
18 

10.1 
54.5 

170 
31 

20 
13 

11.1 

UDvacciBBted 

41.0 

Total 

201 

35 

17.4 

210 

33 

15.7 

From  April  Ut,  1S7H,  to  March  Slit,  1881. 


1,270 

307 

104 

34.0 
90.9 

l,(nJ7 
243 

245 
141 

23.8 

Uovamnutcd 

57.0 

Total 

1,545 

471 

30.4 

1,270 

386 

30.3 

Again,  during  the  entire  epideuiic,  GO.O  per  cent,  of  uuvaeciuated 
males  suffered  from  ctmfluent  Huiallpox,  compared  with  57.0  per  ceut. 
of  uuvaeciuated  females.     In  1880-81    the   difference   between  the 
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sexes  was  even  much  more  striking — namely,  54.5  per  cent,  of  males, 
and  41.9  per  cent,  of  females. 


Tablk  rv.— Showiso  the  Relatiom   bbtwkkn  the  Aoe8  of  thk  Patiksts. 
Vaccination,  and  Mortai-ity. 

i'Vwn  April  lit,  1876,  to  Mareh  Sltt,  1881. 


Age«. 

Total. 

Per  cent.  aX 

each  age. 

V»c- 
dnated. 

Percent. 

Taccliiated. 

1  Mortality, 
uiea.          p^r  ceot. 

Under  5 

306 
304 

879 
632 
885 
268 
106 
45 

7.8 

10.4 
13.1 
23.4 
33.1 

S.5 
8.7 
1,5 

75 
305 
336 
570 
770 
230 
87 
34 

86.4 

es.o 

68.0 
IH).l 
87.0 
84.3 

92.0 
76.5 

134 

75 
83 
67 

178 
80 
30 
14 

65.0 

5  and  under  K) 

10    "         "     15 

15    "         "     30  

20    "         "     30    

SO    "         "     40 

40    "         "     .'M) 

50  and  upwards 

25.5 

8.7 

10.6 

ao.i 

29.8 
28.3 
31.1 

Total 

3,815 

100.0 

2.808 

81.8 

6U 

21.7 

In  Table  IV.  the  controlling  influence  of  vaccination  over  the 
fatfility  of  smallpox  is  still  further  exemplified,  and  in  this  instance 
iu  connection  with  the  question  of  age.  In  the  year  1880-81,  32  chil- 
dren niulpr  five  years  of  age  were  admitted,  of  whom  only  13 — or 
but  40.  (i  i)er  cent. — were  vaccinated.  Twenty  of  these  children  died, 
the  death-rate  being  G2.5  per  cent.  During  the  entire  epidemic  the 
corresponding  .statistics  are — admissions,  206;  cases  vaccinated,  75 
■ — being  only  3().4  per  cent. ;  deaths,  134 — mortality  being  65  per 
cent.  Can  there  be  any  doubt  that  these  enormous  death-rates  were 
duo  to  uon-vacciuatiou  and  to  tender  age  ?  Looking  down  through 
the  table  we  tind  that  tlie  lowest  death-rates  correspond  with  the 
periods  of  adolescence  and  the  prime  of  life,  when  also  the  percentage 
of  vaoi'iuatioiis  reaches  a  maximum  of  about  90.  The  high  ratio  of 
vat-ciuated  cases  in  advanced  life  is  shown  by  the  table  to  notably 
reduce  the  fatality,  which  in  old  age  might  be  expected  to  become 
excessive. 

A  fair  idea  of  the  hospital  mortality  of  smallpox  may  be  gathered 
from  the  returns  of  Cork  Street  Fever  Hospital.  Three  epidemics  of 
the  diaeasp  have  visited  Dublin  since  1871.  The  first  began  in  Feb- 
ruary, 1S71,  ou  the  2(ith  of  which  mouth  the  first  case  was  admitted 
to  Cork  Street  Hospital.  Two  years  later  the  outbreak  ceased,  the 
last  ca.40  having  been  admitted  iu  February,  1873.  The  total  numbe 
of  cases  treated  was  740.  Of  these  563  recovered  and  162  died 
patient  was  removed  from  the  hospital  while  still  suffering  froj 
disease.     Assuming  that  this  patient  recovered,  the  death-r 

ClI    7  HAT  f'nnt. 


d,  the 
umbe       ^ 


TREATMENT. 


467 


The  aecond  epidemic  began  in  August,  187fi,  im  the  15th  of  which 
month  the  tirat  case  admitted  to  the  iioHpital  came  in  under  my  care. 
Two  other  cases  had  previously  occurred  in  Dublin,  the  first  of  all 
being  a  woman  from  Manchester,  who  gave  smallpox  to  a  girl  who  at 
the  time  was  a  patient  in  the  hospital  where  she  was  treated.  This 
poor  girl  died,  having  meanwhile  conve.i'ed  the  disease  to  the  firnt 
case  admitted  to  Cork  Street  Hospital.  The  last  case  adniitted  came 
in  ou  April  30th,  IH81.  Tlie  patient  wjus  a  little  girl,  never  tnvcitiateil, 
who  had  travelled  from  London  (where  smallpox  was  then  prevalent) 
to  Dublin  a  few  days — certainly  not  more  than  a  week — before  she 
sickened  of  confluent  smallpox.  She  unfortimately  died  on  the 
eleventh  day.  Between  the  dates  mentioned — August,  187fi,  and 
April,  1881 — the  tobil  admissions  were  '2,81(i,  and  the  deaths  num- 
bered 613.  These  figures  give  a  death-rate  of  21.8  per  cent.,  which 
is  [>ractically  identical  with  that  recorded  in  the  first  epidemic.  The 
slight  discre]iaucy  between  the  figures  in  Table  TV.  and  tliose  here 
given  arises  from  the  addition  to  the  former  of  one  admission  in 
April,  1881,  and  of  two  deaths  in  that  month — 2,815  thus  becomes 
2,816,  and  (111  becomes  <il3. 

The  tliird  and  inost  recent  epidemic  liegan  in  June,  18'.)4,  and 
ended  in  February,  1897.  Within  this  period  1,019  caaes  were  ad- 
mitted and  121  (lied,  giving  a  deatli-rate  of  11.9  ]>er  cent.  The 
marked  reduction  in  tlie  mortality  in  this  last  outbreak  is  no  doubt 
largely  due  to  excellent  nursing,  tf>  improved  hospital  accommodation, 
and  lastly  to  a  more  general  practice  of  revaccin.ition  in  the  iuteiTal 
between  the  former  epidemic  and  that  under  notice. 

In  a  tabular  form  the  facts  come  out  thus : 

Tablb  V. 


Epidemics. 

Cases  admitted. 

CiueadliKl. 

Mortnlity  p«r  cunt. 

1871  to  1873  

746 
2,816 
1,019 

163 
813 
131 

21.7 

1S76  to  1882 

21.8 

1884  t<i  1897 

11.9 

Totals  and  mean 

4,581 

8»8 

19.6 

Treatment. 


This  subject  natura"" 

treatment   or   proph^ 
management. 


'dings — preventive 
or,    i)referably, 
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The  principles  of  the  prophylaxis  of  smallpox  are  based  npon  two 
iaots  in  (he  natural  history  of  the  disease;  namely,  (1)  smallpox  is 
eminently  oommnnicable;  (2)  one  attack  nsoally  protects  an  indi- 
vidual from  a  second  attack— in  other  words,  it  confers  immnnity 
npon  him. 

Early  information  of  the  outbreak  of  so  catching  a  disease  as 
smallpox  is  essential  if  its  spread  is  to  be  checked.  Therefore  noti- 
fication to  the  sanitary  anthorities  shonld  be  made  oompnlsory  every- 
where, as  recommended  in  the  report  of  the  Boyal  Oommission  on 
Yaocination  (1896).  The  prophylaxis  of  any  acute  specific  fever  coit- 
sists  in  (1)  the  destruction  of  tiie  vims  or  contaginm  before  it  can 
effect  an  entrance  into  the  system;  0)  the  adoption  of  measures 
which  will  have  the  result  of  lessening  the  receptivity  of  the  indi- 
vidual, or  his  susceptibility  to  the  disease  by  increasing  his  powers 
of  resistance;  and  (3)  the  strict  enforc^nent  of  rules  relating  to 
qoarantine  and  isolation.  "Quarantine  (no  longer  used  with  its 
original  signification  of  a  forty  days'  detention)  means  the  segrega- 
tion of  pombih/  infected  persons  until  after  the  period  has  elapsed  at 
which  tiiey  would  (if  infected)  develop  characteristic  signs  of  tiie  dis- 
ease. Isolation,  on  the  contrary,  implies  the  continued  separation 
of  the  infectious  patient  from  the  healthy  until  after  he  has  ceased 
to  be  infectious"  (Shelly"). 

The  destruction  of  the  virus  or  contaginm  of  infectious  diseases  is 
achieved  by  disinfection,  using  the  term  in  its  strict  etymological 
sense  to  denote  any  process  by  which  the  contagium  of  a  given  dis- 
ease may  be  destroyed  or  rendered  inert,  so  as  to  render  impossible 
the  spreading  of  that  disease.  The  imison  of  smallpox  is  very  resist- 
ant to  ordinary  means  of  disinfection,  and  so  far  as  body  clothing  is 
concerned,  the  safest  plan  appears  to  be  absolute  destruction  by  fire. 
In  fatal  cases  the  corpses  should  be  wrapped  in  sheets  thoroughly 
moistened  with  a  standard  solution  (1 : 1,000)  of  {Mrchloride  of  mer- 
cury (corrosive  sublimate) .  Bed  linen  and  other  articles  which  ad- 
mit of  washing  should  be  folded  without  shaking  or  making  a  dust 
and  placed  in  sheets  dipped  in  the  corrosive-sublimate  solution. 
They  should  then,  without  unwrapiiing,  be  boiled  for  half  an  hour  in 
a  strong  solution  of  soft  (ix)taBh)  soap.  After  the  sick-room  haH 
lieen  vacated,  the  floor,  walls,  windows,  door,  furniture,  etc.,  must  lie 
rubbed  with  cloths,  sponges,  or  brushes  dipped  in  the  solution  of 
corrosive  sublimate,  and  afterwards  cleansed  with  the  potash  soap. 
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Upholstered  furniture,  cusliiona,  mattresses,  curtains,  and  other  things 
wliicli  cannot  be  washed,  are  to  be  disinfected  in  specially  constructed 
disinfecting-chambers  by  means  of  dry  heat  or  superlieated  steam. 
Mattresses  and  cushions  must  be  laid  open  for  disinfection  in 
this  way.  The  sick-room  should  afterwards  l>e  disinfected  by 
fumigation  with  mercuric  chloride,  chlorine  gas,  or  sulphurous 
acid  gas,  doors  and  windows  being  kept  tightly  closed  for  at 
least  twelve  hours.  Free  ventilation  should  complete  the  process 
of  disinfection. 

Kiiuig,  of  Giittingen,  in  an  article  on  the  disinfection  of  sleeping- 
apartments  iu  the  Ceniralhlatt  fi'ir  Chiniri/ic  (IffM),  recommends  the 
following  procedure  hh  simple  and  effectual.  From  one  and  a  half  to 
two  ounces  of  mercuric  chloride  (corrosive  sublimate)  is  ]mt  on  a 
plate  over  a  chating-diMli  iu  the  centre  of  the  apartment.  The  win- 
dows and  doors  of  the  room  are  then  cloHcd.  At  the  exjiiration  of 
three  or  four  hours  the  windows  are  opened,  and  the  aiiarf  raeut  is 
thoroughly  aired.  The  person  entering  the  rf)om  should  take  the 
]irecaution  to  hold  a  moist  sponge  or  a  damp  cloth  over  tlie  month 
and  nose  in  order  not  to  inhale  the  mercurial  vapor.  The  folloiviiig 
day  the  windows  are  again  closed  and  some  snlpliur  is  burned  in 
order  to  neutralize  any  of '  tlie  mercurial  fumes  which  may  liuger 
about  the  furniture  and  other  articles  in  the  room.  After  a  Hual  air- 
ing and  cleaning,  the  apartment  may  be  reoccupied  without  risk  of 
infection. 

Since  he  has  adopted  this  method  of  disinfection,  Konig  has 
never  seen  a  second  case  of  contagious  disease  attributable  to  infection 
remaining  in  the  sick-room. 

A  convenient,  tlKHigh  rather  costly,  method  of  disinfection  is  by 
the  use  of  thiocamf.  This  new  and  i»owerful  disinfectant  was  fii-st 
descrilied  in  1890  by  Dr.  J.  Emerson  Reynolds,  Professor  of  Chemis- 
try in  the  University  of  Dublin.  Thiocamf  is  a  liquid  combination 
of  sulphur  dioxide,  camph<u*,  and  various  volatile  aromatic  bodies. 
It  possesses  the  remarkable  property  of  giving  off  a  very  large 
volume  of  effective  germicides  on  mere  exposure  to  the  atmosphere, 
and  can  be  advantageously  used  for  disinfecting  an  a]>art7iient.  The 
air  of  the  closed  room  is  first  moistened  by  sjirinkliug  hot  water  free- 
ly about;  a  suflicient  tpiantity  of  thiocamf  is  then  poured  on  a  large 
Hat  dish  or  old  tray,  and  the  place  is  shut  up  for  two  days.  The 
usual  thorough  cleansing  and  ventilation  of  the  apartment  should 
afterwards  take  jilace.  About  six  fluidouuces  of  thiocamf  are  re- 
quired for  a  small  bed-room,  and  doulile  tliat  amount  if  the  room  be 
large. 

Increasing  the  Power  of  Besistance. — Begardiug  the  introduction 
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into  the  body  of  the  speoifio  viros,  or  morbifio  agent,  of  smallpox  as  in 
each  case  the  exciting  cause  of  the  specific  disease  in  question,  ve  find 
that  certain  prediaposing  causes  nsoally  coexist  when  an  individual 
contracts  that  disease.  There  must  be,  in  addition  to  the  infection, 
a  predisposition  to  the  disease.  The  chief  predisponents  of  febrile 
disorders,  including  smallpox,  are  the  presence  of  an  antecedent  dis- 
ease, the  introduction  into  the  body  of  putrescent  organic  matter  in 
food,  water,  or  air;  and  excessive  generation  of  effete  matter  within 
the  body,  as  during  the  puerperal  state,  after  severe  surgical  injuries 
or  operations,  or  even  consequent  upon  overexertion  of  mind  or 
body.  Overcrowding  and  defective  ventilation,  alcoholic  intem- 
perance, destitution,  and  deficient  alimentation  are  also  powerful 
predisponents. 

To  counteract  these  predisponents  in  an  individual  who  is  exposed 
or  is  likely  to  be  exposed  to  the  i>oison  of  smallpox,  flie  following 
preventive  measures  should  be  adopted.  Close  attention  must  be 
paid  to  the  general  health.  Wholesome,  plain  food,  an  abundant 
supply  of  pure  water,  and  fresh  air  shotild  be  at  tiie  disposal  of  every 
man,  woman,  aud  child.  Strict  sanitary  precautions  should  be  taken 
in  the  case  of  a  parturient  or  pr^^nant  woman,  and  of  an  injured  at 
•wounded  person.  "  Fatigue  of  mind  or  of  "body  is  to  be  scrupulonsly 
shunned,"  says  Murchison,  when  speaking  of  persons  exixMsed  to  the 
poison  of  typhus,  but  his  words  are  etiually  true  as  regards  smallpox. 
Sufficient  cubic  air  space  aud  free  ventilation  iu  the  dwelling  are 
essential  to  health.  The  vice  of  alcoholic  iutem{>erance  both  betrays 
and  kills.  It  is  unt  so  widely  known  as  it  should  be  that  this  deadly 
sin — ditnlly  not  less  iu  a.  physical  than  in  a  moral  sense — not  only 
strongly  predisposes  to  smallpox  among  other  infectious  diseases, 
but  also  materially  lesseus  the  chance  of  recovery  from  it.  "The 
prevention  of  scarcity  of  food,  loss  of  employment,  and  other  causes 
of  destitution,"  writes  Murchison,  "is  not  always  within  human 
imwer;  but,  under  such  circumstances,  ever}'  means,  both  public  and 
private,  calculated  to  alleviate  the  distresses  of  the  poor  should  be 
atlopted." 

Qua mnf hie.— The  third  great  means  at  our  disposal  in  the  attempt 
to  check  th<>  s]iren(l  of  oue  of  the  infectious  fevers,  such  as  smallpox, 
is  the  strict  euforcement  of  cjuarautine  (using  the  term  in  its  modem 
acceptatinu,  as  defined  above)  and  of  isolation. 

In  private  families,  occupying  an  eutire  house,  it  will  suffice  to 
keep  apart  from  the  rest  of  the  household  any  member  suspected  to 
have  contruittcd  smalliK)x  until  the  incubation  i)eriod  of  twelve  days 
has  pasKod  by  without  the  development  of  suspicious  symptoms. 
Where  a  numl)or  of  families  dwell  under  one  roof  in  a  crowded  city 
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tenement  house,  "  refuges"  should  be  provided  for  persons  removed 
from  the  infected  house.  The  sick  should  be  at  once  removed  to  hos- 
pital. The  refuges  should  be  arranged  in  sets  of  rooms  or  flats — so 
that  each  family  might  keep  together.  Their  removal  to  such  a  refuge 
would  permit  of  the  convenient  cleansing  and  disinfection  of  the 
infected  house. 

A  member  of  a  private  family  actually,  or  suspected  to  be,  suffer- 
ing under  an  infectious  or  "  taking"  disease  like  smallpox,  should  be 
at  once  isolated,  preferably  in  a  separate  building,  but  failing  this  in 
an  airy  room  at  the  top  of  the  house.  A  sheet  should  be  hung 
outside  the  door  of  this  room,  reaching  to  the  floor  and  kept 
saturated  with  some  liquid  volatile  disinfectant,  like  carbolic 
acid,  sanitas,  or  chloride  of  lime.  All  fomites,  or  carriers  of 
infection,  should,  as  far  as  possible,  be  removed  from  the  sick- 
chamber — for  example,  bed-curtains,  carpets,  and  non-essential  arti- 
cles of  furniture.  The  hygiene  of  the  sick-room  should  be  rigor- 
ously attended  to. 

Among  the  poorer  classes  isolation  is  with  difficulty  carried  out. 
The  means  to  be  employed  for  the  purpose  are :  (1)  the  early  re- 
moval of  the  smallpox  patient  to  a  suitably  constructed  epidemic 
hospital  in  an  open  space — the  removal  to  be  made  in  a  properly 
equipped  ambulance;  (2)  his  admission,  first  to  a  reception-room, 
where  his  own  clothes  should  be  taken  off  and  where  he  should  be 
washed  and  made  tidy  before  he  is  placed  in  bed  in  a  suitable  airy 
well-ventilated  and  properly  heated  ward,  the  windows  being  either 
tilled  in  with  panes  of  red  glass  or  fitted  with  red  curtains  for  a  reason 
to  be  afterwards  explained  (p.  475) ;  (3)  his  treatment  in  such  a  ward, 
reserved  for  smallpox  cases  only,  and  to  which  visitors  should  not 
have  access  except  under  the  most  pressing  and  urgent  circumstances ; 
and  (4)  lastly,  his  removal  in  due  time  to  a  convalescent  home  for 
infectious  diseases.  Permanent  epidemic  hospitals  and  convalescent 
lionies  should  be  provided  by  every  sanitary  authority,  separate 
blocks  being  reserved  for,  or  (should  the  occasion  arise)  approi)riated 
to,  the  recei)tiou  and  treatment  of  smallpox.  The  accommodation  in 
such  hospitals  and  homes  ought  to  be  at  tlie  rate  of  one  bed  for  every 
two  hundred  of  an  urban  population,  and  every  four  hundred  of  a 
rural  population. 

The  preventive  measures  which  call  for  remark  in  reference  to  the 
management  and  control  of  smallpox  are:  (1)  isolation  of  the  sick; 
(2)  inoculation;    (3)  vaccination. 

Isolation. — Of  these  topics,  the  first  has  just  been  discussed  under 
the  two  headings  of  quarantine  and  isolation.  It  will  be  sufficient, 
therefore,  to  repeat  that  isolation  consists  in  the  removal  of  the  sick 
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to  snitable  epidemic  hospitals,  the  providing  of  refuges  for  the  inhabi- 
tants of  infected  tenement  houses  or  other  dwellings,  e£Saient  disin- 
fection, and  the  establishment  of  oonvalesoent  homes. 

It  may  be  well  to  specify  the  daration  of  qnarantine  in  the  case  of 
smallpox  as  eighteen  days,  and  of  isolation  (as  less  definitely)  until 
every  scab  or  scale  has  fallen  off. 

Inoculation. — ^As  regards  inocolation,  the  intention  was  to  engraft, 
by  means  of  an  aitemiated  virua  of  the  disease,  a  mild  form  of  small- 
pox on  a  healthy  individnal,  whose  receptivity  or  snsoeptibility 
might  be  supposed  to  be  slight  or  low  in  consequence  of  his  existing 
good  health.  The  disadvantages  of  this  procedure  were  that  it  gave 
smallpox  to  many  who  wonld  otherwise  have,  perhaps,  escaped  the 
disease  altogether,  while  it  was  impossible  to  guarantee  that  the  re- 
snlting  attack  of  smallpox  wonld  be  mild. 

In  1840  an  Act  of  Parliament  was  passed  rendering  smallpox  in- 
oculation unlawfol  in  England  (3  and  4  YicL,  cap.  29). 

Inoculation  was  declared  to  be  illegal  in  Ireland  by  the  fourth 
section  of  the  "  Vaccination  Amendment  (Ireland)  Act"  of  1868  (31 
and  32  Vict.,  cap.  87). 

The  operation  had  been  praotiaed  from  time  immemorial  in  CSuna 
and  also  in  Persia.  The  Chinese  plan  of  giving  smallpox  to  per- 
sons in  health  consisted  in  inserting  into  the  nostrils  tents  of  charpie 
covered  with  the  dried  crusts  of  the  variolous  eruption.  They  called 
the  procedure  "sowing  the  smallpox."  From  China  and  Persia  in- 
oculatiou  or  "engrafting"  was  introduced  into  (Georgia,  Circassia, 
Turkey,  and  Greece.  In  1717  a  very  clever  English  woman,  by  name 
Lady  Mary  Wortiey  Montague,  wife  of  the  British  Ambassador  at 
the  Ottoman  Court,  wrote  home  glowing  accounts  of  the  marvellouH 
results  of  inocnlntion  as  practised  at  Adrianople,  among  other  i>er- 
Bons  upon  her  own  son,  a  boy  six  years  of  age.  Her  influence  led 
to  the  oi)eu  adoption  of  the  procedure  in  England  in  April,  1721, 
and  two  years  later,  in  1723,  Dr.  Bryan  Robinson,  sometime  Presi- 
dent of  the  King  and  Queen's  College  of  Physicians,  first  performed 
the  oi)eratiou  in  Ireland.  Many  years  elapsed  before  it  obtained 
a  footing  in  France,  where  at  first  it  had  been  rigorously  prohibited 
by  law;  but  in  1756  the  children  of  the  Duke  of  Orlejms  were  inocu- 
lated, and  in  1758  the  practice  was  introduced  into  most  of  the  large 
towns. 

A  favorite  analogous  procedure,  practised  since  the  last  century 
by  Continental  veterinary  surgeons  and  farmers,  was  called  claveliiai- 
tion — a  term  derived  from  claveUe,  the  French  name  for  smallpox  of 
sheep  {Variol<e  ovuwe),  a  disease  popularly  known  in  England  as 
*  tag-sore,"  or  "sheep-rot";  in  Italy  as  "vaccuolo." 


TBEATMENT.  '  463 

The  object  of  clavelization  was  by  repeated  inoculations  to  attenu- 
ate the  vims  of  nheeppox.  And  exactly  in  the  same  way  it  was 
sought,  by  employing  virus  from  a  discrete  case  of  smallpox  which 
had  been  modified  by  antecedent  iuoculation,  to  communicate  a  very 
mild  variola. 

The  operation  (according  to  Trousseau)  consisted  in  raising  the 
epidermis  by  means  of  a  lancet  charged  with  such  an  attenuated  virus 
or  lymph.  A  mere  i)rick  was  suflieient.  The  resulting  symptoms 
were,  first  hml,  theu  etnintitntioiiaL  Thus,  on  the  second  day  after 
incK'uIation,  a  small  red  pimjile  appeared  at  the  site  of  puncture;  by 
the  fifth  day  this  had  l>ec<jm6  a  conical  vesicle  (sometimes  umbili- 
catedj ;  on  the  seventh  day,  the  vesicle  had  developed  into  a  pustule, 
surrounded  by  a  slightly  red  inflammatory  areola,  which  gradually 
increased  uj*  to  the  ninth  or  teutli  day,  when  a  ring  of  secondary 
small  pu-stules,  tnie  satellites  of  the  first,  formed  upon  the  iufiaiu- 
matory  areola.  This  pustule  of  inoculation  resembled  a  kind  of  lai^e 
pock  which  is  sometimes  found  in  natural  small]iox,  and  to  which 
Vau  Swieten,  of  Vienna,  gave  the  name  of  Mclsterpocbe)},  masterpock, 
or  what  Trousseau  called  le  niattre  hoii(o>i. 

On  the  ninth  or  tenth  day  after  iuoculatiou  the  constitutional 
8yni]>tomH  used  to  make  their  api)earauce.  They  were,  iu  a  word, 
jdl  the  primary  or  prodromal  symptoms  of  smallpox.  Finally,  about 
the  eleventh,  twelfth,  or  thirteenth  day,  the  sjiecific  eruption  was 
seen — iu  general  but  slightly  cunfiueut,  following  the  course  of  ordi- 
nary or  sometimes  that  of  modified  smallpox. 

I  have  given  Trousseau's  account  of  the  phenomena  attend- 
ing inoculation  at  this  length  l»et'ause  those  phenomena  are 
exactly  analogous  to  the  features  presented  after  successful  vac- 
cination. 

I'^dcciiiadon  (Germ.,  Kuhpockemmpfiiwi). — About  the  middle  of 
the  eighteenth  century  the  opiniou  gained  ground  iu  England  that 
iuoculatiou  with  cowpox  lymph  iiroterted  from  smallpox. 

E.  Crookshank,  iu  his  elaborate  "History  and  Pathology  of  Vac- 
cination," says :  "  In  some  parts  of  the  country  a  Itelief  existed  among 
tliose  who  had  the  care  of  cattle  that  a  disease  of  cows,  which  they 
called  'cowpox,'  when  communicated  to  the  milkers,  afforded  them 
protection  from  smallpox."  It  is  necessary  to  explain  that  various 
domestic  animals  are  liable  to  a  disease  which  is  practically  small- 
pox. Thus,  a  variety  of  the  "grease"  (Fr.,  mux  (iiixjanihta)  of  horses 
—in  which  an  eruption  appears  usually  on  the  foot-joints — is  prop- 
erly called  VariolR3  etiuiniB.  The  "  tfig-sore"  (Fr.,  daveU-c)  of  sheep 
is  Variohe  ovinap;  and  the  well-known  "  eow]M>x,"  in  which  the  6nii>- 
tion  is  almost  exclusively  observed  upon  the  udder  and  teats  of 
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the  cow,  19  tecknicalli'  called  Variolaa  vacciiue  (Ft.,  picote),  or,  short- 
ly, Vaccina  (tho  furm  Vaccinia  is  etymologically  incorrect). 

At  a  time  when  tLe  majority  of  the  people  were  deeply  pitted  with 
Bmallpox,  the  immuuity  enjoyed  by  the  comely  milkmaids  of  Glouces- 
tershire and  Devonshire  from  the  unsightly  scars  left  by  the  disease 
could  not  fail  to  attract  attention.  It  was  noticetl  that  the  dairy 
maids  and  farm  laborers  were  subject  to  an  attack  of  sores  on  their 
hands,  which  seemed  to  arise  from  contact  with  pustules  on  the  ud- 
dera  of  milcli  cows.  Those  who  suflfered  from  this  apparently  local 
malady  of  .sore  hands  were  observed  to  escai>e  smalliK>x.  At  length, 
iu  1774,  Benjamin  Jesty,  a  Gloucestershire  farmer,  who,  however, 
had  bfeii  born  at  Yetminater,  in  Dorsetshire,  became  so  convinced 
of  the  protective  efficacy  of  cowpox  against  smallpox  that  he  inocu- 
lated his  wife  and  two  sons  with  cowpox — thus  performing  vaccina- 
tion for  the  first  time,  and  anticipating  Edward  Jeuner  by  no  fewer 
than  twenty -two  years.  On  May  14th,  1796,  Jeuner  vaccinated  a  peas- 
ant lad,  whom  he  failed  to  inoculate  with  smallpox  two  months  after- 
wards. The  crucial  test  was  in  this  way  applied  to  the  efficacy  of 
vaccination  as  a  jireventive  measure. 

It  would  be  foreign  to  our  ]jreaent  purpose  to  linger  over  the  his- 
tory nf  vaccination;  nor  is  it  necessary  at  this  time  of  day  to  take 
nnich  trouble  to  refute  the  views  of  the  fanatical  "anti-vaccination" 
])ar(\-.  Before  tho  introduction  of  vaccination,  the  annual  mortality 
froiti  anudliiox  in  England  and  Wales  alone  was  at  the  rate  of  3,000 
deaths  in  every  million  of  the  population — this,  according  to  the 
census  of  18S)1,  would  correspond  to  a  loss  of  some  87,000  lives  per 
antmiii— tlie  population  of  England  and  Wales  being  29,081,047  in 
Ajiril  uf  that  year.  In  1890  smallpox  caused  only  15  deaths  in 
England ;  and  the  average  annual  number  of  deaths  from  this  disease 
in  tlt(>  ten  yoars  1881-90  inclusive,  was  1,227.8 — that  is,  one-seven- 
tietli  jiart  only  of  the  death-rate  of  pre-vacciuatiou  times. 

But  vaccination  has  not  only  dimiuished  the  number  of  cases  of 
aiiiatlpox,  it  is  also  found  to  influence  the  death-rate  among  those 
attacked  to  a  ver\-  remarkable  extent.  In  Sheffield,  in  the  outbreak 
of  1887-88,  of  4,151  vaccinated  patients,  200  died,  or  4.8  per  cent.; 
of  itTi'l  uiivacciuated  imtieuts,  274  died,  or  49.6  per  cent. 

Tho  following  tables  are  taken  from  a  report  on  the  epidemic  nf 
1871-72,  as  obsened  in  Cork  Street  Fever  Hospital,  Dublin,  by  Dr. 
T.  W.  Grirashaw,  CB.,  now  Eegistrar-General  for  Ireland  and  con- 
sulting ]>hy.siciau  to  the  hospital  "  (in  table  Til.  the  statistics  are 
those  of  Cork  Street  Fever  Hosp'    "  • 
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Table  VI. 


HORTAUTT  PkB  CiKT. 

Hospitals. 

VacciDated. 

UnTaccliiat«d. 

General. 

Cork  Street 

10.8 

11.2 

5.6 

14.9 

11.4 
.5.9 

71.8 

78.57 

58.0 

66.2 

51.2 

37.7 

21  7 

Hardwicke 

20  0 

Cork 

22  S 

London  Smallpox 

18  8 

Hampstead  (London) 

19  36 

Homerton 

16  3 

Table  VIL 


Diicttiri. 

Ck»iri,\:rarr. 

llUuoxAm. 

TUTAL. 

■i 

s 

a 

II 

H 

13 

1 

1 

1 

5 

443 

IT 

1 
e 

SS.l 

143 

40 

or 

sa.3 
71, « 

as 

IN 
34 

m.o 

mt 

ID  N 

CntBociimtttl.     . 

TLB 

Total  

«sa 

7 

i.e 

237 

lis 

47.8 

id 

«! 

W.T| 

r4« 

102 

21.0 

la  eOL'll  cllLHH. 

se.s 

MI.4 

1 

.■il.ft 

si.s 

Of  the  vaccinated  cases  in  the  discrete  variety,  the  mortality  was 
practically  nothing  (0.2  jier  cent.),  only  one  patient  having  died.  In 
that  case  the  patient  had  inflammation  of  the  lungs,  probably  (juite 
independent  of  the  smallpox.  Of  the  unvaccinated  patients,  how- 
ever, in  this  class,  35.1  per  cent.  died.  In  the  confluent  cases  the 
mortality  among  the  vaccinated  patients  was  32. .3  per  cent.,  while 
among  the  unvaccinated  it  was  as  high  as  71.2  ]>er  cent.  In  the 
malignant  or  pur|iuric  variety,  the  mortality  among  the  vaccinated 
imtients  was  71.8  per  cent.,  or  about  the  same  as  among  the  unvacci- 
nated confluent  cases,  while  in  this  variety  not  one  unvaccinated  case 
recovered.  It  may  l)e  merely  a  coincidence  of  percentage  mortality ; 
but  it  is  a  remarkable  fact  that  in  the  cases  under  consideration  vac- 
cination reduced  the  mortality  of  confluent  cases  to  that  of  discrete 
unvaccinated  cases,  and  that  of  malignant  to  that  of  confluent  unvac- 
cinated cases.  The  proi)ortion  of  vaccinated  to  unvaccinated  cases  in 
each  variety  is  considerably  greater,  except  in  the  malignant  form, 
where  the  proportions  are  nearly  ecjual.  The  difference  is  most  re- 
markable in  the  discrete  variety,  where  the  number  of  unvaccinated 
cases  is  very  small — in  other  words,  vaccination  prevented  a  large 
number  of  these  cases  from  being  confluent. 
Vol.  Xin.-30 
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In  my  "  Medical  Report  oi  tbe  Fever  Hospital  and  House  of  Re- 
covery, Cork  Street,  Dublin,"  for  the  year  ended  March  Slst,  1881,  I 
give  an  account  of  tbe  still  more  terrible  epidemic  of  1876-1881,  pro- 
ceeding on  very  much  the  same  lines  as  Dr.  GrimsLaw's  report. 
The  number  of  crises  with  which  my  report  deals  is  so  large — namely, 
•2,815  from  April  Ist,  1876,  to  March  Slst,  1881— that  the  resulta  may 
fairly  be  considered  conclusive  as  to  the  modifying  influence  of  vac- 
cination over  (1)  the  type  of  the  disease,  and  (2)  its  fatality. 
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Of  1,625  imtients  who  suffered  from  di.screte  smallpox,  1,539  were 
vacciuated,  uud  oiily  86  were  unvacciuated — the  jiercentage  of  those 
vacciuated  beinx  94.7.  Tliere  were  14  deaths — the  rate  of  mortality 
lifiug  0.S6  per  cent.  Among  these  14  deaths  was  that  of  an  infant  of 
nine  months,  who  had  not  Ijeen  vaccinated.  At  least  half  the  victims 
(7)  succumbed  to  the  complications  of  discrete  smallpox,  dying  in  or 
iif/vr,  not  /;/',  this  di.sease. 

Of  857  patients  suffering  from  confluent  smallpox,  552  had  been 
vaccioatfd  and  305  were  unvacciuated — that  is,  64.4  only  out  of  everj- 
1(X)  |tatiei)ts  had  been  vaccinated.  There  were  344  deaths,  the  rate 
of  mortality  being  40.1  per  cent.  But  of  the  vaccinated  cases  only 
'2'i  per  cput.  diod,  compared  with  71.1  ]>er  cent,  of  the  im%'accinated. 

Of  :VAH  malignaut  easw,  21*2  liad  beeu  vaccinated,  or  63.7  percent., 
;tud  121  were  uuvaccinated.  The  deaths  numbered  253,  the  mortality 
being  at  the  rat«  of  76  jier  ceut.  Of  the  vaccinated  ijatieuts  68.9 
])or  ceut.  died,  but  of  the  uuvaccinated  88. 4  per  cent.  died. 

Of  the  2,815  patieuta  in  all  who  were  treated,  2,303,  or  81.8  per 
CBDt.,  had  becu  vaccinated  and  512  had  not  been  vaccinated.  There 
were  611  deaths,  or  a  mortality  of  21.7  i>er  ceut.  Among  the  vacci- 
nated 286  deaths  occurred,  the  mortality  falling  to  12.4  per  cent. 
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Among  tlie  imvacoitiated  325  deatliH  took  place,  tlie  mortality  risiu)^ 
to  63.5  per  cent. 

lu  very  few  instances,  indeed,  bad  the  patients  been  revaccinated, 
]irobably  in  not  more  than  10  out  of  the  whole  2,815  caHea. 

It  will !»  seen  then  from  Table  VHI.  that  from  April  iHt,  1876,  to 
March  31,  1881,  the  perceut!if;e  mortality  wfw  12.4  among  those  pa- 
tients who  had  been  vaccinated  at  least  once  in  their  lifetime,  but  as 
Iii^h  as  63.4  amou^  tlie  unfortunates  who  had  never  been  vaccinated. 
Of  every  100  jiatient-s  who  bud  discrete  Biiiallpox,  94.7  were  vac- 
cinated; of  every  100  patients  who  had  confluent  smallpox,  64.4  were 
vaccinated;  of  every  100  patients  who  had  iiialinnaut  smallpox,  63.7 
were  vaccinated.  (Jf  every  ItM)  iwtiuut.s  admitted  in  the  whole  period 
embraced  in  the  table,  81.8  had  been  vaccinated. 

To  thnso  who  believe  tliat  vju^'ciuation  is  a  certain  preventive 
against  smallpox,  tbeso  fact.s  must  j)rove  sufficiently  startling.  To 
the  opponents  of  vaccination  they  may  furnish  an  argument  which  is 
at  best,  however,  only  fallacious.  If  we  calmly  and  dispassionately 
reflect  on  the  matter,  we  must  come  to  these  conclusit)US :  first,  that 
vaccination,  like  a  previous  attack  of  small jiox  itself,  is  oidy  a  tein- 
Itiifitrij  (ittil  Ihereforv  iitiprrffrf  prfreulirc  against  smallpox;  secondly, 
tbat  the  operation  should  be  repeated  nt  leaxt  hik-c  iji  a  lifetime  to 
keep  up  its  protective  efficacy;  thirdly,  that  there  can  be  no  doubt 
as  to  the  lessening  of  the  severity  and  fatality  of  smallpox  due  to 
even  one  vacciuation. 

Many  years  ago  Mr.  Marson,  of  the  Smallpox  Hospital,  London, 
showed  as  a  result  of  his  examinatiim  of  5,000  eases,  between  IKM'i 
and  1855,  that  the  number  of  vaccinal  cii-atrices  seems  to  influence  the 
mortality  from  smalljiox.  The  death-rate  among  jiatients  having  only 
one  cicatrix  was  7.73  per  cent.  ;  tliat  among  those  who  had  two  cica- 
trices was  4.7;  that  in  the  presence  of  tliree  cicatrices  was  1.05,  and 
tliat  with  four  or  more  cicatrices  was  only  0.55  per  cent. 

Very  similar  results  to  these  were  obtained  by  the  Royal  Com- 
mission on  Vacciuation,  which  reported  in  181)6.  Tfio  statistics  sub- 
mitted to  that  commission  show  that  of  tlie  fatal  cases  f)f  smallpox 
among  the  vaccinated  in  recent  outbreaks:  7.6  per  cent,  had  only  one 
vacciuation  mark;  7.0  per  cent,  had  two  marks;  4.2  per  cent,  had 
three  marks;  2.4  per  cent,  had  four  marks  (Sec.  293). 

There  can  be  no  doubt  that  tlie  ]>rotective  efficacy  of  vaccination 
wears  out  gradually  with  the  lapse  of  time.  Periodical  revaccinatiou 
every  seven  or  ten  years  is,  therefore,  necessary  if  smallpox  is  to  be 
comi)letely  prevented,  au.y  case  in  which  revaccinatiou  at  stated  inter- 
vals has  failed  being  always  of  a  most  peculiar  nature. 

S.  Coupland  "  has  published  elaborate  statistics  from  recent  epi- 
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demies  at  Gloucester,  Leicester,  and  Dewsbury,  showing  that:  (1) 
where  the  child  pojiulation  is  largely  unvacciuated,  the  attacks  and 
mortalit)'  are  highest  in  the  earliest  years  of  life;  ('2)  that  the  mean 
attack  rate  is  fonnd  between  ten  and  thirty  years,  but  that  here  the 
fatality  of  the  attacks  is  least ;  (3)  that  above  thirty  the  lowest  rate 
of  attacks  is  found  with  a  rather  higher  fatjility ;  (4)  that  %'accination 
reduces  the  incidence  of  attacks  and  the  fatjil  re.sults,  though  in  a  less 
degree  as  age  advances;  (5)  that,  though  epidemics  vary  in  virulence, 
the  rates  are  always  higher  iu  the  unvacciuated  than  iu  the  vacci- 
nated ;  ((>)  the  confluent  and  discrete  types  of  the  ilisease  frequently 
alM)rt  in  the  vaccinated,  and  severe  types  are  comparatively  rai-e. 

On  May  'Jtlth,  1889,  the  Royal  Commission  on  Vaccination,  just 
refeiTed  to,  was  ajipointed  by  Her  Majesty  Queen  Victoria.  The 
i-oniijii.ssidut'rs  inchuled  well-known  public  men  of  varying  opinions, 
tlie  uieiubera  behiugiug  to  the  medical  profession  Iwiug  Sir  James 
Paget,  Bart.,  Surgeon-General  Sir  W.  Guyer  Hunter,  K.C.M.G.,  Sir 
William  Savory,  Bart.,  Dr.  J.  S.  Bristowe,  Professor  Michael  Fos- 
ter, ami  Mr.  Jonathan  Hutchinson.  The  scope  of  the  inquiry  to  be 
made  by  the  commission  was  thus  defined: 

1.  The  effect  of  vaccination  in  reducing  the  prevalence  of  and 
mortality  from  smallpox. 

2.  What  means  other  than  vaccination  can  be  used  for  diminish- 
ing the  [u-evaleuce  of  smallpox,  and  how  far  such  means  could  be 
relied  on  iu  jilace  of  vaccination. 

3.  The  objections  matle  to  vaccination  on  the  ground  of  injurious 
effects  alleged  to  result  therefrfmj,  and  the  nature  and  extent  of  any 
injuriinis  effects  which  do  in  fact  result. 

4.  Whether  any,  and  if  so  what,  means  should  be  adopted  for 
preventing  or  lessening  the  ill  effects,  if  any,  resulting  from  vaccina- 
tion; and  whether,  and  if  so  by  what  means,  vaccination  with  animal 
vaccine  sliouhl  lie  further  facilitated  as  a  part  of  public  vaccination. 

5.  Whether  any  alteratinus  slumld  be  made  iu  the  arrangements 
and  ijrncecdiugs  for  securing  the  j>erformance  nf  vaccination,  and,  iu 
jiarticular,  in  the  prnvisious  of  the  Vsic^ination  Acts  with  reai>ect  to 
[trnsecutions  for  iKm-coiiipliance  with  the  law. 

The  report  of  the  Coninussion  was  issued  in  1896.  It  is  a  volumi- 
nous document,  the  result  of  seven  years'  work.  The  Commis-siou 
held  one  hundred  and  thirty -six  meetings,  examined  one  hundred 
and  eight\' -seven  witnesses,  and  investigated  six  e])idemics  which  had 
within  recent  years  prevailed  at  Gloucester,  Sheffield,  Warrington, 
Dewslmr\-,  Leicester,  and  in  London. 

In  Gloucester  and  Leicester  the  practice  of  vaccination  had,  to  a 
large  extent,  been  abandoned  for  some  years  prior  to  the  outbreaks 
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in  those  towas.  lu  Leicester  the  percentage  of  births  uaaccouiited 
for  by  the  vaccinating  officers,  in  1892,  was  80.1.  In  Gloucester,  in 
18'J4,  it  was  8j)  per  cent.  In  Leicester  the  percentage  of  total  small- 
pox deaths  which  occurred  under  ten  years  of  age  was  71.4,  in 
Glnncester  04..').  At  Gloucester,  2(5  vaccinated  children  under  ten 
years  were  attiicked,  of  whom,  1,  or  3.8  per  cent.  died.  Of  uu vacci- 
nated children  of  like  age,  680  were  attacked,  of  whom  279,  or  41 
per  cent.  died. 

With  regard  to  '*  the  effect  of  vaccination  in  reducing  the  jjreva- 
lence  of  and  mortality  from  smallpox,"  the  Commission  Laving  re- 
viewed the  evidence,  liud  that : 

1.  It  diminiwhes  the  liability  to  be  attacked  by  the  disease. 

2.  It  modi  ties  the  character  of  the  disease,  and  renders  it  (a)  leas 
fatal  and  (li)  (jf  a  milder  and  less  severe  type. 

3.  The  protection  it  affoi'ds  against  attacks  of  the  disease  is  great- 
est during  the  years  immediately  succeeding  the  ojjeration  of  vacci- 
nation. It  is  im[iOBsil)le  to  fix  with  precision  the  length  of  this  jieriod 
of  highest  protection.  Though  not  in  all  cases  the  same,  if  a  period 
is  to  be  fixed,  it  might  fairly  be  said  to  cover  in  general  a  period  of 
nine  or  ten  years. 

4.  After  the  lajjse  of  the  period  of  highest  protective  potency,  the 
efficacy  of  vaccination  to  protect  against  attack  rajiidly  diminishes, 
but  it  is  still  considerable  in  the  next  quimiuenuiuni,  and  possibly 
never  altogether  ceases. 

5.  Power  to  modify  the  character  of  the  disease  is  also  greatest  in 
the  period  in  which  its  jiower  to  protect  is  greatest,  liut  its  power 
thus  to  modify  the  disease  does  not  diminish  as  rapidly  as  itn  protec- 
tive influence  against  attacks,  aud  its  efficacy  during  the  later  periods 
of  life  to  modify  the  disease  is  still  considerable. 

G.  Revaccination  restores  tiie  ])rotectiou  which  lapse  of  time  has 
ilimiuished,  but  the  evidence  shows  that  this  protection  again  dimiu- 
islies,  aud  that  to  insure  the  highest  degree  of  prfitection  which  vac- 
cination can  give,  the  operation  should  l»e  repeated  at  intervals. 

7.  The  beneficifd  effects  of  vaccination  are  most  exjierienced  by 
those  in  whose  case  it  has  been  most  thorfmgh.  The  Commissioners 
think  it  may  lie  fairly  concluded  that  when  the  vaccine  matter  is  in- 
serted in  three  or  four  places  it  is  more  effectual  than  when  in- 
serted in  one  or  twf»  places  only,  aud  Hint  if  vaccination  marks  are 
of  an  area  of  half  a  s(piare  inch,  they  imlicate  a  better  state  of  pro- 
tection than  if  their  area  be  in  all  considerably  below  this  (Sec.  377). 
The  Lmicct,  February  20th,  1807.  in  a  leading  article  on  the  Report 
of  the  Royal  Commission,  agrees  with  Noel  Humphreys  that  if  there 
is  to  be  any  relaxation  of  primary  vaccination,  we  must  have  revacci- 
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uat/ion  made  at  least  equally  compulsory.  If  a  conscience  clauae  is 
admitted,  then  protection  must  be  made  complete  by  revaccination 
lifter  ton  years  for  those  vaccinated  in  infancy.  Still  more  is  this 
necessary  if  official  vaccinators  are  abolished,  and  a  crop  of  one-mark 
vaceiuces  f^rowa  up.  F.  T.  Bond  urges,  in  addition,  that  efficient  pri- 
mary vaccination  should  be  compulsory  at  the  begitming  of  school 
life,  while  the  conscience  clause  should  be  limited  to  the  case  of 
infants. 

That  vaccination  has  in  rare  instances  done  harm  cannot  be  dis- 
puted. IJnsuitiible  .subjects  have  been  vaccinated,  or  the  lymjjh  has 
iififiu  taken  from  improper  sources;  but  such  mishaps  afford  no  valid 
iirKumeut  aRaiust  the  practice  of  vaccination,  however  much  they  may 
load  us  to  call  in  question  the  skill  and  care  of  the  operator  in  each 
imtdward  case. 

The  circumstjinces  which  conduce  to  the  success  of  the  operation 
are  briefly  the  following : 

1.  The  sul)ject  to  be  vaccinated  should  be  healthy.  Special  pro- 
vision is  made  in  the  Vaccination  Act  for  postijoning  the  operation 
if  the  iudividiud  is  not  quite  well.  The  presence  of  skin  diseases  and 
tlie  projiincjuity  of  scarlet  fever  or  erysipelas  forbid  the  ofwratiou. 

The  periods  of  teething  and  of  weaning  should  be  avoided  for  tLe 
])erformaijee  of  vaccination. 

2.  The  vac'cinifer  sliould  also  he  healthy,  vaccinated  for  the  first 
time,  aud,  above  all,  free  from  any  syphilitic  taint.  The  Ijest  age 
is  as  soon  after  two  months  as  possible;  but  vaccination  may  be,  and, 
in  ejiidemic  times,  regardless  of  age  or  any  other  circumstances, 
should  bo  performed  much  earlier.  In  1878,  smallpox  raging  at  the 
time,  I  vaccinated  one  of  my  own  chihlren  at  the  age  of  three  weeks 
successfully  aud  without  anj-  untoward  result. 

3.  The  lymph  should  Ive  taken  between  the  fifth  and  eighth  days. 
\h  a  French  medical  poet,  Casimir  Delavigne  by  name,  quoted  by 
Trousseau,  sings 

"  Puiscz  Ib  genne  tieureux  dans  SB  fralcheiir  premWre 
Qmind  le  Boleil  cinq  foia  a  foumi  sa  carrion;.  " 

"  Drnw  forth  the  auspicious  germ  In  Its  flret  freahncss, 
Whea  tbc  Bun  bos  five  times  completed  hts  course.  " 

The  eighth  day,  inclusive,  is  generally  selected 
Kingdom  as  that  of  inspection. 

4.  The  incisions,  or  scarifications,  should  not  p 
subciitiineoiiH  areolar  tissue.     They  should  be  made 
lously  dean  iuHtrument,  sterilized  lie  fore  and  after 
absolute  alcohol  and  dipped  in  sterilized  water. 
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5.  Bleeding  should  be  avoided  aa  mach  as  possible,  lest  the  lymph 
should  1j6  washed  away  from  the  site  of  inoculatioii.  Blood  should 
not  be  drawn  when  piercing  the  vesicle  to  obtain  the  lymph. 

6.  Jenner's  "golden  rule"  should  always  be  observed,  and  that 
is — not  to  use  lymph  from  a  vesicle  which  Las  already  showed  the 
"areola,"  or  inilaminatory  ring  which  forms  around  the  vaccine  vesi- 
cle at  the  beginning  of  the  second  week. 

7.  A  thin,  seroiis,  readily  flowing  lymph  should  not  be  used. 
Good  lymph  in  perfectly  limpid  and  viscid  or  sticky. 

Whenever  practicable,  the  lymph,  which  may  be  bovine  or  hu- 
manized (that  is,  derived  from  tlie  heifer  or  from  a  human  being  al- 
ready vaccinated,  but  not  revaccinated)  should  be  carried  directly 
from  arm  to  arm.  This,  however,  is  often  impossible,  and  so  tlie 
lym]ih  must  Im?  preserved  for  future  uses.  The  old-fiushioned  methixl 
was  to  allow  the  lymph  U)  tlry  in  a  thin  film  on  flat  ivory  or  lione 
])ointB.  A  much  better  ])lan  is  to  preserve  the  lymph  in  hermetically 
sealetl  capillary  ghuss  tubes.  Dr.  Alexander  Nixon  Montgomery, 
Secretary  of  the  Vaccine  Department  of  the  Local  Government  Board 
for  Ireland,  prefers  points  if  wrapped  in  tinfoil,  and  if  care  is  takeu, 
when  using  them,  to  <|uite  remove  the  vaccine  from  tlie  pointw.  Miil- 
ler,  of  Berlin,  usually  mixes  the  lymph  carefully  with  two  parts  nf 
glycerin  and  two  parts  nf  distilled  water  (by  means  of  a  small  brush) 
in  a  watch-glass,  and  preserves  tliis  diluted  vtu'cine  lymiih  in  air- 
tiglit  capillary  tul>e8.  He  holds  tliat  the  iictivit>'  of  the  lymph  is  not 
impaired  hy  this  procedure,  and  the  precious  virus  is  economized. 
Dr.  Montgomery,  on  the  contrary,  is  of  ojiiuion  that  vaccine  in  capil- 
lary tubes  should  not  be  mixed  with  anything. 

Vaccination  is  generally  done  ujion  the  outside  of  the  left  arm, 
about  the  insertion  of  the  deltoid  muscle.  From  an  fe.nthetic  jioint 
of  view,  care  should  lie  taken  to  vaccinate  girls  at  some  plixce  where 
the  scars  will  be  as  far  as  possible  liidden  by  the  future  evening 
dress.  For  this  purpose,  some  prefer  to  have  vaccination  done  upon 
the  leg  in  accordance  with  the  fashion  which  prevails  iu  Germany. 
At  least  four  sets  of  minute  punctures  or  scarifications  are  made  with 
a  vaccinating  needle  or  lancet,  moistened  or  "armed"  with  the  vac- 
cine lymph,  above  and  below  the  insertion  of  the  deltoid  muscle.  A 
little  of  the  lymph  should  afterwards  be  rubbed  into  the  punctiires. 
The  four  insertions  should  be  made  ao  that  the  combined  area  of 
vesication  on  the  eighth  dav  shall  cover  a  skin  surface  of  at  least  half 
a  square  inch  in  +1  the  four  groups  of  vesicles. 

Various  v  >n  have  lieen  designed,  one  of 

the  neatest  I  ^^^^^^^^^^^^^^^^— nator. "  This  ingenious  little 
instrument  ij^^^^^^^^^^^^^^^^K^  o^^  s^d  and  a  series  of  five 
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needles,  the  centre  one  alightly  larger  than  the  rest,  at  the  other  end. 
WTieu  vaccinating,  the  operator  should  project  the  needles  the  re- 
quired length  by  pressing  down  the  cap.  He  should  then  press  the 
vaccinator  on  the  skin  and  rotate  it  once,  so  as  to  produce  a  circular 
scratch.  The  Ij  m])h  can  then  be  well  niblied  in  from  the  surface  of 
the  blunt  end  which  has  been  loaded  from  a  fresh  vesicle. 

Acetirding  to  Hebra,  the  most  satisfactory  instrument  is  a  lancet 
having  one  convex  surface,  the  other  hollowed  and  presenting  a  groove 
to  which  a  drop  of  the  lymph  ailheres.  A.  Nixon  Montgomery  con- 
siders that  a  lancet,  smooth  on  both  sides,  is  the  best,  as  it  can  be 
most  readily  sterilized. 

Another  in.stniment,  called  by  the  Germans  Impffeder,  or  vaccine 
pen,  resembles  a  drawing  pen,  and  consists  nf  two  parallel  limbs  with 
cutting  extremities,  between  which  the  lymph  is  taken  up  by  capil- 
lary attraction.  In  employing  this  instrument  the  vaccine  matter  is 
introduced  beneath  the  cuticle  by  a  horizontal  or  vertical  incision 
(Hebra) . 

Another  method,  not  used  in  Ireland,  is  by  multiple  punctures  for 
which  a  special  small  lancet  is  required.  Montgomery,  however, 
thiukn  that  fine  jiarallel  scratches  crossed,  made  with  an  ordinary 
vaceiuatiou  lancet,  are  the  best  form  of  vaccinatiou  for  adults,  while 
Rose's  instniment  should  be  employed  for  arm-to-arm  vaccination  in 
the  case  nf  iufanis. 

rttccinn. — The  symptoms  of  this  affection  are  first  local  and  then 
constitutional— the  latter  in  most  cases  being  very  slightly  marked. 
On  Die  third  day  (inclusive)  a  jiatch  of  reiinass  at  the  site  of  vaccina- 
tion a])i>ears  and  rapiiUy  develops  into  a  papide  or  pimple,  which  in 
its  turn,  about  the  fifth  ihvy,  becomes  surmounted  with  a  j^early  ves- 
icle, multilocular,  oval  or  circular  in  outline,  with  raised  margin  and 
depressed  centre.  This  vesicle  enlarges,  while  its  contents  also  in- 
crease—remaining, however,  clear  as  crystal — until  the  eighth  day, 
when  it  attains  its  ]>erfect  growth.  An  inflammatory  red  zone,  called 
the  "areola,"  now  develops,  beginning  roiind  the  base  of  the  vesicle 
and  thence  8]>readiug  out,  i>erhap8  to  a  distance  of  two  or  three 
inches.  After  the  tenth  day  the  areola  fa<les,  and  tlie  vesicle  begins 
to  shrink  and  dry  up  in  the  centre.  The  contjiined  lymph  becomes 
ojiaque  and  thickens.  A  vaccine  vesicle  never  should  contain  pus. 
Houee  the  term  "vaccine  pustule,"  sometimes  used,  is  very  mislead- 
ing. If  pus  is  present,  it  shows  that  the  vesicle  has  iDoen  i'ubl>ed  and 
the  staphylococcus  pyogenes  aureus,  or  some  other  pus-producing 
microbe,  has  effected  an  entrance.  By  the  fnurt**enth  or  fifteenth  day 
a  hard,  dry,  brown  scab  forms,  which  finally  separates  and  falls  off 
about  the  twenty-first  day.     A  circular,  slightly  depressed,  foveate 
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(or  pitted),  cicatrix  remains,  whicli — excejit  in  rare  iustjinces — is 
permaneut  through  after-life. 

During  the  earlier  stages,  tlie  vaccine  vesicles  should  be  relieved 
from  any  pressure  or  friction,  whicli  might  increase  iuHammatory  ac- 
tion, but  on  no  account  should  a  vaccine  shield,  or  jirotector  of  any 
kind,  lie  used  to  protect  the  vesicles.  In  all  cases  the  viu-ciuati'd 
person  should  be  seen  on  the  eighth  day — the  day  week — from  tlio 
operation,  when  a  certificate  of  successful  vaccination  may  be  given 
if  the  vesicle  is  well  formed  and  running  a  natural  course. 

The  constitutional  symptoiuH  are:  Slight  jtyrexia  from  the  fourth 
day,  becoming  more  marked  from  the  eiglith  to  the  tenth  days;  often 
derangement  of  the  stomach  and  bowels  during  the  stage  of  areola, 
with  restle-ssness.  The  axillary  glands  may  also  swell,  and  ra-shes 
may  show  upon  the  skin — either  a  blush  (racchidl  ruseaki),  or  a  crop 
of  papules  {mcriiKil  lirheit),  or  a  vesicular  rash  (airriiia!  /lerpcn).  In 
normal  cases  all  these  symiitoms  sulwide  in  a  few  days,  or  they  may 
fail  to  aj)]>ear  at  all. 

Sir  Thomas  Watson  says  that  a  very  ingenious  test,  free  from  all 
ambiguity,  by  which  we  determine  whether  the  cowpos  is  niuning 
its  proj^er  course  or  not,  was  devised  by  Mr.  Bryce — hence  cnlk'd 
"Bryco's  test."  His  plan  was  this:  Ho  vaccinated  the  other  arm,  or 
some  other  part  of  the  bod>'  four  or  five  days  after  the  first  vaccina- 
tion. If  the  system  luul  been  i>roper]y  affected  by  the  first  opera- 
tion, the  inflammation  of  the  second  vesicle  would  jiroceed  so  much 
more  rapidly  than  usual  that  it  would  be  at  its  height  and  would  de- 
cline and  disap]iear  as  early  as  that  of  the  first:  only  ttw  vesicle  and 
its  areola  would  1»  smaller.  One  of  the  earliest  disciples  of  Dr. 
Jenner,  Mr.  Hicks,  used  in  a  doulitful  case  tt)  repeat  viiecination  in 
a  few  days  after  the  first  o[ieratiou,  and  lie  remarked  that  the  second 
vesicle  msule  "immense  strides  to  overtake  the  first." 

Vncri)ni-Sj/pli!Iiii.^T\iii^  inoculation  of  the  syphilitic  vims  along 
with  vaccine  at  the  tinje  of  vacciniitiou  is,  in  the  words  of  Shelly, 
"the  most  lameubible  a(^cident  by  which  carelessness  or  misfortune 
can  ]trejudice  the  performance  of  vaccination."  Since  the  incubation 
period  of  syjihiliM — namely,  from  three  to  five  weeks — is  much  longer 
than  that  of  \acciija,  the  hitter  affection  usually  runs  its  course  before 
the  local  inflammation  which  constitutes  a  specific  chancre  begins. 
This  is  attenilpil  by  the  usual  glandular  enlargement  (ihrHfari/  hiih<i) 
and  is  followed  in  due  course  by  the  recognized  secondary  aymittonia 
of  cojistitutional  sy])liilitic  infection. 

Vncriiio-Lejirosi/. — In  a  pajier  read  before  the  Seventh  Interna- 
tional Congress  of  Hygiene  and  Demograjihy,  held  in  London  in  18'.)1, 
Phiueas  8.  Abraham"  brings  forward  all  the  available  evidence  which 
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bears  on  the  alleged  connection  of  vaccination  with  leprosy.  He  be- 
lieves that,  althongh  we  may  admit  a  pnon  the  possibility  of  an  oo- 
canional  accidental  inoculation  of  leprosy  by  vaccination,  we  have  np 
to  1891  (when  be  wrote)  no  absolutely  clear  and  incontrovertible  evi- 
dence causally-  connecting  vaccination  with  leprosy.  In  his  opinion, 
"  any  one  who  saya  that  vaccination  is  to  any  extent  responsible  for 
the  spread  of  leprosy,  talks  arrant  nonsense."  At  the  same  time,  in 
a  country  where  leprosy  is  rife,  Abraham  thinks  that  it  will  be  advis- 
able to  exercise  particular  caution,  and  if  possible  avoid,  as  is  now 
being  done  in  Hawaii,  an  indiscriminate  arm-to-arm  vaccination 
among  the  natives. 

Hansen,  of  Bergen,  informed  Abraham  that  vaccination,  which 
has  been  compulsory  in  Norway  for  many  j'ears,  has  been  largely 
pi-actiaed  in  the  leprous  districts  from  arm-to-arm  and  that  no  caae 
of  transferring  leprosy  thereby  has  been  known.  The  late  Beaven 
Rake,  formerly  superintendent  of  the  Trinidad  Lejwr  Asylum  and 
also  a  member  of  the  Indian  Leprosy  Commission,  and  George  Alfred 
Buckmaster,  vaccinated  eighty-seven  cases  of  leprosy  at  Almora, 
capital  of  Kuraaou,  Northwest  Provinces  of  India.  Forty  of  these 
developed  vesicles,  thirty -one  being  normal.  In  no  case  were  lep- 
riwy  bacilli  undoubtedly  found.  The  whole  question  is  discussed," 
and  tlie  authtirs  conclude  that  "  it  is  evident  that  the  risk  of  trans- 
inissiou  of  leprosy  by  vaccination  is  so  small  that  for  all  practical 
purposes  it  may  bo  disregarded." 

CDR-iTIYE  TRE-iVTltENT. 

Tliis  snpei-scription  is  in  one  sense  somewhat  misleading.  No 
]>hyaician  him  ever  yet  nttrd  a  case  of  smallpox.  No  specific  for  the 
ilisoase  or  for  its  complications  and  sequela?  baa  as  yet  been  discov- 
ered. Accordingly  we  must  be  content  to  set  before  us  two  great 
priucijilos  of  treatment:  first,  to  guide  the  essential  disorder  to  a 
favoral)le  termination;  and,  in  the  next  place,  to  combat  secondar}" 
affections  a,s  tliey  arise. 

Tliere  can  Ix*  no  doubt  tliat  the  mortality  from  smallpox  was 
euormonsly  increased  during  the  Middle  Agej*  by  mistaken  and  igno- 
rant treatment.     The  old  physicians  did  all  they  could  to  prot« 
the  patient  from  cold  and  to  promote  a  copious  eruption,  ad 
the  vulgar  maxim:    "it  was  better  out  than  in."     In  the  fr 
century  flourished  John  of  Gaddesdeu,  author  of  a  curif 
titled  "Rosa  Anglica,"  court  physician  of  the  di 
knave, "  as  Sir  Thomas  Watson  calls  him.     Th 
aician  of  the  age  not  only  put  the  unhappy  i 
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"hot  regimen,"  administeriDK  wine  and  cordials,  piling  ou  bed- 
clothes, and  jealously  excluding  ever.y  breath  of  fresh  air  from  the 
sick-room,  but  surrounded  the  half-suflfocated  victim  with  red  cur- 
tains, red  walls,  and  red  furniture  oi  all  kinds — for  in  this  color 
there  was,  ho  averred,  a  jieculiar  virtue. 

To  the  celebrated  Thomas  Sydenham,  who  lived  in  the  seven- 
teenth century,  belongs  the  credit  of  substituting  for  this  barbarous 
and  disastrous  system  of  treatment  the  opynwite  or  "cooling  regi- 
men" in  smallpox,  and  this  practice  is  pursued  to  the  present  day 
with  the  hajjpiest  results. 

So  far,  however,  as  the  treatment  of  smallpox  by  red  light  is  con- 
cerned, after  the  lapse  of  five  centuries,  the  therapeutii'  skill  and 
clinical  acumen  of  John  of  Gaddesden  are  at  laat  vindicated,  and 
with  the  poet  Chaucer  we  may  saj' : 

"  For  out  of  the  old  lluliles,  as  men  saithf , 
Cometh  nil  this  ucw  mrn  from  yerc  to  ypre, 
And  out  of  old  bookcs,  in  good  fait  lie, 
Cometh  nil  this  new  science  tlint  mfn  lere.  " 

The  subject  has  been  attracting  attentiou  since  1867,  when  C. 
Black,"  (if  Chesterlield,  came  to  the  conclusion  that  "the  complete 
exclusion  of  light  from  the  eruption  of  smalli)ox  in  jiersons  iinjtro- 
tected  by  vaccination  effectually  prevents  ])ittiug  of  the  face." 

In  1871  .1.  H.  Waters,"  of  Loudon,  [lublishod  a  short  paper  on 
the  "Action  of  Light  in  Smallpox."  His  observations  were  a])par- 
eutly  made  quite  independently,  and  led  him  to  assert  that  "if  white 
liglit  is  entirely  excluded  from  the  ]>atient,  tliere  is  no  doubt  the  dis- 
ease is  less  severe;  by  the  white  light  I  mean  daylight." 

lu  the  same  year,  W.  H.  Barlow, "  of  Manchester,  bore  additional 
testimony'  to  the  uscfulucHS  nf  the  exclusion  nf  light  in  the  treatment 
of  small-pox.  He  recalls  an  experiment  recorded  in  the  Lancet  of 
August  24th,  1807,  in  which  part  of  the  face  of  asmaU|iox  jiatientwas 
covered  with  a  warm  suhitinn  of  culored  gelatin  (to  exclude  the  ac- 
tinic rays),  the  rest  of  the  features  being  left  exjioaed  to  the  full  ac- 
tion of  the  light,  with  the  result  f)f  showiug  a  marked  contrast  l)etween 
the  two  [tortious. 

Barlow  wisely  advocates  the  necessity  of  exereisiug  care  aud  judg- 
ment in  the  application  of  the  method  of  treatment  by  exclusion  t)f 
light,  suggesting  that  only  the  actinic  rays  of  the  solar  jmsm  should 
be  cut  off,  in  order  to  avoid  that  depressing  effect  upon  the  mind 
which  tr»tal  darkness  would  probitbly  cause,  and  which  seems  to  Bar- 
low to  have  much  to  say  to  the  fatal  residt.  Again,  "we  must  not 
1^  )utvvard  manifest^itiiiUH"  of  smallpox,  which  are  shown 

M  the  exclusion  of  light,  "  do  not  form  the  whole  of 
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the  disease,  and  that,  grave  as  may  Ije  the  consequences  of  their  un- 
checked career,  there  are  more  serious  forces  behiud,  for  which  these 
f(3riu  the  outlets,  and  as  it  were,  the  safety-valves  of  tlie  system." 

Gallavanliu"  had  duriug  seven  years  seen  marked  efifecta  from  the 
trcatmeut  of  smallpox  in  the  dark,  but  ouly  when  it  was  thoroughly 
curried  out.  Suppui'ation  and  pitting  wore  preventetl  by  the  treat- 
ment. 

In  a  suggestive  paper  on  the  effects  of  light  upon  the  skin,  Niels 
R.  Finsen,"  Prosector  of  Anatomy,  Copeuliagen,  observes  that  onr 
knowledge  of  this  subject  has  greatly  increased  within  recent  years. 
It  wjtH  formorly  supposed  that  it  was  the  solar  heat  rays  which  were 
esiiecially  injurious  in  the  so-caUed  solar  eczema,  which  the  name 
enffltemn  or  eczema  caJorlctnn  also  shows.  In  the  same  way  pigmenta- 
tions were  supposed  to  lie  duo  to  the  caloric  rays,  but  to  be  inde- 
pendent of  mud  and  weather. 

Fnjni  the  investigations,  especially  of  Unna, "  Widmark"  of  Stock- 
holin,  and  Haramer'"  of  Stuttgart,  it  has,  however,  been  now  al>so- 
lut«ly  determined  that  it  is  exclusively  the  chemical  rays  in  sunlight, 
esi>ecially  the  ultra-violet  rays,  which  are  active  in  causing  Ixith  pig- 
mentation and  solar  eczema.  Hammer  and  Widmark  have  shown  in 
their  papers  that  jireci.sely  the  same  phenomena  may  be  prixluced  by 
strong  electric  light,  since  this  light  is  particidarly  rich  in  chemical 
rays,  .\gaiust  heat  as  the  active  agent  the  fact,  for  example,  detailed 
by  Widmark  about  Arctic  travellers,  and  by  Hammer  about  tourist'* 
on  glaciers,  tells  in  the  clearest  way.  These  individuals,  even  with 
thn  tc-iiipcrature  lielmv  freeziiig-]>oint,  may  suffer  severely  from  light 
oryth<^iua,  which  is  due  to  the  strong  reflection  of  the  light  from  the 
ice  fielila. 

TliG  view  that  it  is  the  clieniical  and  not  the  caloric  rays  which 
are  a^ti^e,  and  also  that  the  skin  affection  induced  by  strong  electric 
light  is  identical  with  solar  erythema,  was  first  axlvanced  l>y  Charcot" 
in  l^'>'.y  but  was  not  proved  scientifically  until  Widmark's  experi- 
ini'iits  in  ISSSI. 

Tim  siHcalled  chemical  rays,  which  are  essentially  situated  in  the 
liluo  and  violet,  niid  especially  in  thn  ultra-violet,  part  of  the  spec- 
trum, are  tlio  most  refrangible  of  the  rays  of  light;  in  this  area  the 
chemical  activity  is  strongest,  the  caloric  activitj'  is  weakest.  The 
(•nnvcrnc  liohla  good  in  tlie  other  end  of  the  spectrum,  where  are 
found  the  rod  and  ultra-red  rays  which  are  the  least  refrangible. 
Here  the  caloric  actixnty  is  greatest  and  the  chemical  activity  leasts 

Finson  does  not  appear  to  have  made  a  iiractical  trial  of  the 
iiii'thrid  of  treating  smallpox  suggested  by  him  at  the  dose  of  his 
paper— that  is,  by  complete  exclusion  of  daylight  or,  what  would 
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doubtless  have  the  same  effect — by  the  use  of  tightly  closing  red  cur- 
tains, iir  wiudows  of  red  glass.  In  the  number  of  the  Hoft/rihihttth-iule 
for  September  6th,  1893,  he  writes  an  interesting  letter  on  the  "  Treat- 
ment of  Smallpox,"  in  which  he  states  that  in  an  epidenaic  which 
prevailed  at  Bergen  in  the  summer  of  1893  LindhoJm,  medical  officer 
of  health  {ShKlxfisik-nti),  and  Hveudseu,  visiting  phy.sifiau  of  the 
Municipal  Hospital,  hatl  tried  his  method  with  gratifying  success. 
In  a  letter  dated  August  2d,  Lindholni  wrote  to  Fiusen  as  follows: 
"I  have  the  pleasure  to  inform  you  that  the  proposed  treatment  of 
smallpox  seema  to  have  an  excellent  effect,  as  the  cedema  quickly 
subsides  and  supjiurative  fever  fails  to  appear."  Twenty  cases,  of 
wiiich  ten  %vere  uovaccinated  chikb'en,  were  treated  by  Lintlhobn"  in 
this  manner  with  complete  success.  All  recovered,  although  severely 
attacked;  in  one  case  even  "black  smallpox"  was  i>reseiit.  The  erup- 
ti<m  dried  up  shortly  after  its  appearance,  no  fever  of  niaturatiou  took 
place,  and  the  jiatient^  recovered  very  soon,  having  but  few  scars. 

Sveudseu  published  an  account  of  this  e|iidomic  in  the  Bergen 
Miiliriiixk  Rvfiie  for  October,  IWIH.  He  iiears  elocpieut  testimony 
to  the  efficacy  of  the  treatment  of  smallpox  In-  exclusion  of  the  chem- 
ical rays  of  light.  In  his  experience  the  vesicles  dried  up  without 
becoming  jiuruleut;  in  this  way  supjmrative  fever  was  avoidcil,  so 
that  the  disease  became  less  dangerous,  less  protracted,  and  le-ss 
jiainful  owing  to  the  alwence  of  ulci^rution.  Furthermore,  pitting 
did  not  occur.  Svendseu  thus  expresses  himself:  "The  clinical 
records  of  the  patients  treated  according  to  this  plan  show  the  fol- 
lowing differences:  The  su]i|mratiou  stage — the  most  dangerous  and 
most  troublesome  in  variola — was  slurred  over;  no  rise  of  tem(»era- ■ 
ture,  no  cedema,  and  so  on,  occurred.  The  patients  passed  at  once 
from  the  vesicular  stage,  which  seemed  to  nie  somewhat  protracted, 
into  that  of  convalescence,  and  were  saved  frouj  the  ugly  pittin^^" 

Sveudseu  describes  a  couple  of  interesting  coutml  exjieriments 
which  he  made.  He  sent  a  patient  out  into  the  ihiylight  after  desic-- 
cation  had  occurred  everywhere  e.scept  on  the  hands,  on  which  there 
were  still  a  number  of  vesicles,  with  the  result  that  these  vesicles 
pa.ssed  on  into  sujiiiuration,  and  the  patient  had  small,  not  deep, 
pits  <m  the  biwk  of  his  hands.  A  second  i)atient  was  subjected  to  the 
same  procedure  with  a  like  result. 

More  recentl.v  the  method  has  lieen  tried,  with  less  strildng 
though  still  encouraging  results,  by  Juhel-Eenoy,"  of  Paris.  He 
lielieves  that  the  mere  fact  of  protecting  the  patient  from  tlie  action 
of  the  chemical  rays  of  sunlight  cannot  jirercnl  suppuration,  but  it 
lessens  suppuration — "  r'vsi  mi  pror/xh'  d'alfhiiiatton  ilf  ki  nuppiirntliiir 
— it  is  cai)able  at  all  events  of  rendering  the  post- variolous  scare  less 
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jjerceptiblo  and  less  distiguriiig.  In  any  case,  snch  a  result  should 
not  be  despised  and  would  certainly  be  appreciated  by  the  patients. 
Besides,  the  treatment  is  easily  carried  out.  Simple  red  window  cur- 
tains suffice  to  absorb  the  chemical  rays  of  the  solar  8i>ectrum. 

Lastly,  C.  Feilberg,  senior  physician  at  the  Oresuud  Hospital, 
Copeuhuj^eu,  reports"  the  results  obtained  by  him  iu  fourteen  cases 
of  smallpox  treated  by  exclusion  of  the  chemical  rays  of  daylight  in 
a  sporadic  outbreak  in  Copenhagen,  in  January  and  February  of  the 
year  1894.  His  paper  is  illustrated  by  two  photograjtlis  and  a 
series  of  temperature  charts,  which  certainly  show  a  striking  modifi- 
cation of  both  rash  and  tem])eratuTe,  eveu  in  an  elderly  patient,  vac- 
cinated when  a  child,  and  in  an  unvaccinated  girl  of  six  years.  Feil- 
l.)erg  points  out  that  Fiuseu  based  this  method  on  the  train  of  thought 
that,  if  the  chemical  rays  (blue  and  \iolet)  can  induce  inflammation 
iu  iicaHlii/  skin,  they  are  all  the  more  likely  to  possess  the  power  of 
acting  injuriously  on  unJiealfhif  skin.  He  is  of  opinion  that  we  should 
espcciallv'  k>t>k  for  such  an  effect  in  variola,  from  the  fact  that  the 
raoHt  numerous  and  deepest  scars  are,  as  a  rule,  found  on  tire  face 
and  hands — that  is  to  say,  on  the  parts  most  exposed  to  daylight. 
We  wlionld,  therefore,  exclude  the  chemical  rays  from  the  sick-room. 

As  my  iitteution  had  for  some  time  previously  been  riveted  on 
this  method  of  treatment,  I  determined  to  test  it  in  the  case  of  a 
medical  friend  wlm  fell  ill  of  smallpox  in  September,  1894.  On 
Saturday,  Septemlier  8th,  exactly  eleven  days  before  the  initial  symp- 
toms showed  themselves,  the  physician  iu  question  had  seen  a  case 
of  .smallpox  iu  the  sfaige  of  invasion.  He  continued  in  attendance 
until  tlie  following  Thursday  (the  13th)  when  the  case  was  sent  to 
hospital.  Tliere  the  x>atient,  and  also  her  infant  child,  died  after- 
wards of  tlio  disease.  My  frieud'.s  attiick  proved  to  lie  one  of  confluent 
Hmalljios,  wliii-h  ran  a  severe  course.  It  happened  by  chance  that  a 
large  double  window  in  the  sick-room  was  covered  from  top  to  bottom 
with  a  deep  red  thick  curtain.  This  was  kejit  constantly  drawn, 
wliilH  iiuother  m\  curtain  was  hung  entirely  across  the  fokling  doors 
communicating  with  a  npacious  front  drawing-room,  in  which  one  of 
the  windows  wan  kejtt  widely  open  both  by  day  and  by  night.  A 
liiisk  firn  iu  the  grate  further  secured  the  freest  ventilation  iu  both 
tlie  sick-room  and  its  antechanilwr.  During  the  remainder  of  his 
illiiPSH.  the  patient  repeatedly  expressed  the  comfort  which  the  sub- 
dued red  liglit  afl'ordi-d  him. 

Tiie  clinical  chart  (Fig.  11)  shows  that  a  sharp  secondary  fever  fol- 
lowed the  remi.sBiim  of  tem])eratur6  oljserved  on  the  sixth  and  seventh 
days.  But  the  thermometer  rose  only  to  103°  F.  on  the  evening  of  the 
niuili  day,  thus  falling  short  of  the  fastigium  of  the  primary  fever 
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by  2.2°.  The  raali  was  in  jjlacea  dark,  but  it  never  became  markedly 
pustular,  altbouKb  tbe  conteuts  of  the  vesicles  were  lactescent  and 
0])aque,  and  showed  signs  ui  heuioiTha^o  now  and  again  ( J'uriolai 
hwmoirhayiciH  pustidoste  of  CurHchmann) .  Tbe  local  treatment  con- 
sisteil  in  tbe  smearing  of  tbe  face  and  othtT  parts  with  carbolized 
vaseliue  (^2.5  per  cent,  in  Btrength),  followed  by  free  use  of  boric  acid 


n. 

■« 

■  MB* 

II 

- 

t9 

*• 

tl 

1* 

•7 

■  ft 

tt 

j« 

1 

1 

> 

« 

•t' 

7         • 

vr' 

) 

* 

1 

k 

T 

• 

9 

1* 

u 

If 

<i 

i« 

la 

>t 

'1 

i« 

i» 

tft       ti 

3 
1 

»r 

= 

- 

"ft 

E 

*  _  v 

E 

ifc  _  » 

'e* 

3 

'e" 

E 

E 

1' 

'e' 

*  _  fc 

'e' 

*  _  * 

»T^ 

»■_* 

z 

f\ 

^ 

Vi 

E 

E 

E 

E 

E 

E 

E 

E 

E 

z 

~ 

E 

E 

E 

~ 

n, 

\ 

= 

E 

E 

- 

E 

~ 

E 

E 

E 

~ 

~ 

~ 

3 

E 

E 

~ 

1 

E 

\ 

~ 

"r 

/ 

\  = 

E 

E 

E 

E 

E 

E 

~ 

E 

3 

z 

E 

;;    fW>n      — 

-\ 

~N 

/ 

1 

"a 

E 

~ 

~ 

E 

E 

~ 

E 

E 

z 

~ 

E 

~ 

z 

E 

/ 

7^ 

E 

^^ 

^-A 

~  1 

IT 

E 

E 

3 

E 

E 

z 

5 

z 

E 

E, 

- 

fe 

ICCONDAIir 
FEVEIi 

-« 

? 

i 

l?1 

EA 

n 

- 

E 

E 

z 

5 

E 

z* 

z 

^ 

-J 

-9 

- 

E 

-0 

-> 
-J 
-a 

- 

^z 

V; 

% 

y 

r\ 

- 

z 

-*zr 

- 

— 

E 

E 

"I 

z 

~ 

~ 

; 

-> 

z 

z 

E 

F 

To 

E 

E 

E 

~ 

■  w 

E 

~ 

"Jl 

z 

~ 

~ 

z 

E 

~ 

~ 

E 

E 

E 

-3 

~ 

~ 

E 

E 

~ 

It 

9t 

»6 

I* 
•* 

40 
6a 

•  ao 

J' 

<04 

9» 

lb 

90 

74 
7* 

7« 

7» 
7» 

70 

7* 

71 

7* 

71 
J* 

7' 

7' 
7* 

7» 

— 

Q 

,      .1, 

„      .  |, 

' 

o 

• 

1 

. 

1 

0 

1 

- 

- 

- 

Fio.  ll.^Ch«rt  Showing  tlie  Hharp  Rise  of  the  Temperahire  to  the  Secondary  Fever  of  Smallpox. 


as  a  dusting  powder.  Tmublpsome  pruritus  about  the  scrotum  was 
at  once  relieved  by  paiutiug  over  the  part  with  a  ten-per-cent.  solution 
of  hydrochlorate  of  cocaine. 

In  tbe  p|>idpmic  of  lS!t4-!15  tbe  smallpox  patients  in  Cork  Street 
Ho8]ntal,  Dublin,  were  subjected  to  the  red-li^'lit  method  of  treat- 
ment. John  Marshall  Day,  the  resident  uieilit'al  offirer,  reports  that 
with  tbe  u.se  of  red  blinds  eye  trouliles  bad  ceased  to  ap]>par,  the  pa- 
tients rested  well  and  spoke  of  tbe  color  as  soothing.  Day  is  nf  opin- 
ion that  pitting  is  less  under  this  treatment,  whicb  also  oln'iates  the 
necessity  of  applying  bandages  over  tlie  eyes  and  masks  to  tbe  face. 
Pigmentation  of  tbe  face  was  lessened.     He  incidentally  mentions 
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tliat  wliPD  the  red  blinds  wero  kept  coustaiitly  down,  the  patients  were 
ii(jt  uearly  so  much  troubled  with  flies. 

We  may  with  Murehiaou  lay  dowu  the  following  general  prin- 
ciples of  treatment  of  smallpox,  iu  common  with  the  other  eruptiTe 
and  continued  fevers : 

1.  To  neutralise  the  fever  poison  and  improve  the  state  of  the 
blood. 

2.  To  promote  elimination,  not  merely  of  the  fever  poiHon,  but 
akij  of  the  products  of  tissue  change,  or  metamorphosis. 

3.  To  reduce  temperature  and  to  lessen  the  frequency  of  the 
heart's  aetiim. 

4.  To  maiutaiu  the  nutrition  of  the  body  and  to  stimulate  when 
necessary  the  heart's  action  by  food  and  stimulants. 

5.  To  relieve  distre.ssing  symptoms  as  they  arise,  such  as  hea<l- 
ache,  sleeiilessuess,  jiain,  restlessness,  prostration,  stupor,  delirium, 
cough,  constipation,  diarrhcea,  thirst,  and  so  on. 

6.  To  ()l)viate  and  comiteract  local  complications,  or  those  second- 
ary affections  which  iutei-\'eue  in  the  course  of  the  primary  malady, 
upsetting  its  normal  course  and  imperilling  the  patient's  life,  or  pro- 
longLug  the  fever  movemeut  t*)  a  greater  or  less  exteut. 

Let  us  now  consider  what  further  measures  should  be  adopted  in 
the  niauagement  of  smallpox  under  its  three  chief  forms,  discrete, 
coutlueut,  and  maliguaut  or  hemorrhagic. 

Diacn-tc. —  II  iie  faul  tjue  demeurer  en  repos  (Collie).  The  patient 
having  been  jilaced  iu  bed  iu  a  large,  airy,  and  well-ventilatetl  but 
wiinii  room  (.55  to  fi5°  F. )  should  he  carefully  and  skilfully  nursed; 
his  hair  should  lio  cut  close,  his  hamls  aud  face  should  be  washed 
daily,  or  twice  a  day,  with  warm  carbolized  water,  from  one  to  two 
jjcr  cent,  ill  strength,  or  with  a  weak  solution  of  corrosive  sublimate 
(1 :  ■J,IK1<)).  Warm  baths  iiro  very  useful  aud  refreshing.  Tlie  water 
may,  with  advantage,  be  tinged  with  permanganate  of  ]>ota88ium  so- 
hition,  lieiuiug  in  mind,  however,  that  this  is  decolorized  at  once  and 
rtMidiTeil  inert  by  soaj),  or  any  organic  matter,  such  aa  simnges,  cot- 
ton wool,  wadding,  or  tlauuel.  During  the  pyrexial  stage  the  diet 
slioulil  consist  of  milk,  whey,  animal  broths,  and  whipped-up  eggs, 
with  or  without  brandy  or  whiskey.  Fresh  fruits  are  a  useful  aid 
where  there  is  consti]>ation,  and  bananas  would  seem  to  be  a  really 
vnlnable  food  iu  fever.  On  the  subsidence  of  the  initial  pyi 
solid  food  may  bo  given  in  small  ijuantities  aud  cautiously — chii 
white  tish  (which,  however,  does  not  always  agree),  game,  or  i 
boiled  iu  milk,  are  the  most  suitable  dishes  at  first.  Alci 
stimulants  are  not  generally  needed  in  discrete  smallpox, 
in   auy  case  the  greatest  care  and  circumspection  should  be 
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tised  in  prescribing  them,  jmrticularly  for  young  children  and 
women. 

Conjluetii  Smallpox.— The  patient  Bhould  husband  his  strength  by 
taking  to  bed  at  the  earliest  opportunity  and  remaining  there  until 
convalescence  has  begun — in  a  word,  he  must  be  prevented  in  every 
way  from  eshanating  Lis  muscular  and  nervous  powers.  The  pain 
in  the  back  may  be  relieved  by  dry -cupping,  or  by  the  application  of 
an  india-rubber  bag  filled  with  hot  water,  or  by  a  hypodermic 
injection  of  ergotin.  An  ice-bag  or  an  evaporating  lotion  or  a 
hot  fomentation  applied  to  the  head  will  often  control  head- 
ache. In  aU  the  severer  forms  of  the  disease,  the  patient  should 
not  be  allowed  to  assume  the  upright  positiou  for  fear  of  syncope, 
which  is  e8i>ecially  likely  to  come  on  after  a  free  evacuation  of  the 
bowels. 

In  confluent  smallpox  the  patient  is  beset  by  two  dangers  in  par- 
ticular— general  blood-poisoning  from  the  intense  and  widespread 
suppuration,  and  exhaustion  from  pain,  sleeplessness,  delirium,  and 
long-continued  fever.  The  food  shoidd  lie  both  nutritious  and  diges- 
tible, consisting  of  such  articles  as  milk,  eggs,  beef-tea,  veal  broth, 
chicken  broth,  mutton  broth  (strained),  meat  essences,  meat  jellies, 
arrowroot,  sago,  bread,  and  milk,  custard,  tea  or  coffee,  well  diluted 
with  milk.  If  tliere  is  a  tendency  to  diarrhoea,  the  milk  should  be 
boiled,  or  lime  water  should  lie  given  with  it,  in  the  proportion  of 
one  part  in  four;  or  vermicelli,  gelatin  (isinglass),  or  arro^vroot  should 
be  added  to  the  milk  or  broth.  Acids  should  not  be  given  with  milk, 
which  they  coagulate  or  cause  to  curdle.  If  the  digestive  powers  are 
very  weak,  the  food  may  with  advantage  1>e  jieptonized,  the  object  of 
which  process  is  to  convert  insoluble  proteids  or  albuminoids  into 
soluble  peptones. 

Food  should  be  given  at  regular  intervals— every  three  hours, 
every  two  hours,  or  even  every  hour;  but,  at  the  same  time,  the 
stomach  should  be  allowed  to  rest  for  at  least  the  last-named 
interval,  else  nausea,  vomiting,  flatulence,  and  diarrhoea  may 
be  caused  through  non-assimilation  and  decomposition  of  the 
food. 

When  a  patient  remains  i"  "  ir  he  should  be  roused 

from  time  to  time  to  take  f  'nto  a  tranquil  sleep 

after  a  period  of  wake  or  delirium,  he 

should  not  be  arouse  xxi  has  come 

round.     In  delirious  onscious  or 

unable  to  swallow,  li  ced  into  the 

stomach  by  a  long  \  rient  ene- 

mata  Bhould  be  adi  im  should 

VrtT       VITT  ft 
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fiist  be  washetl  out  by  an  injectioii  of  warm  water,  and  then  an 
enema  should  be  given  of  milk  and  brandy,  or  beef-tea,  or  egg 
flip,  at  a  suitable  temperature  (100^  F.),  and  of  moderate  size 
(not  exceeding  four  to  six  onnces).  Very  few  patients  can  digest 
more  than  one  pint  of  animal  broth,  and  from  one  and  a  half  to 
two  [lints  of  milk,  in  the  twenty -four  hours,  and  these  quantities 
seem  to  be  a  fair  allowance,  under  all  the  circumstances,  in  the 
case  of  an  adult. 

The  question  of  the  administration  of  alcoholic  stimulants  in 
smallpox  is  an  anxious  one,  and  admits  of  no  routine  practice.  Mur- 
chison  lays  down  excellent  rules  for  our  guidance.  He  considers  that 
patients  under  twenty  years  of  a^e  do  l>est  as  a  rule  without  any 
alcohol,  wherefw  mtist  jjatients  over  forty  are  benefited  by  it  after  the 
first  week.  Intemperate  persona  retjuire  alcohol  earlier  and  in  greater 
quantity  than  others,  and  yet  it  does  not  always  agree.  The  chief 
indications  for  the  use  of  stimulants  are  derived  from  the  state  of  the 
pulse,  the  heart,  the  tongue,  and  the  brain,  and  from  the  presence  of 
complications,  and  especially  of  the  "  typhoid  state"  (i.e.,  stupor,  low 
muttering  delirium,  tremor,  subaultus,  involuntary  evacuations,  coma 
vigil,  etc.). 

Alcoholic  stimulants  are  doing  a  fever  patient  good  if,  under  their 
use — 

1.  The  heart's  action  Incomes  stronger  and  less  rapid,  the  im- 
pulse increasing  in  strength  and  the  first  sound  becoming  more 
distinct ; 

2.  A  soft,  comiiressible,  undulating,  irregular,  or  intermitting 
pulse  becomes  fuller  and  stronger  and  more  regular  in  rhythm  and 
volume ; 

3.  A  dry,  brown  tongue  becomes  clean  and  moist  at  the  edges ; 

4.  Delirium  lessens,  the  patient  becoming  more  tranquil,  or  even 
falling  asleep. 

Stimulants  are  more  urgently  required  during  the  night  and  in  the 
early  morning,  when  the  vitjil  powers  are  wont  to  flag.  In  the  fore- 
noon they  are  loss  necessary. 

In  cases  of  exti'eme  prostration,  medicinal  stimulants  or  tonics 
should  Iw  combined  with  wine  or  spirits.     The  preparations  and 
drugs  mostly  employed  under  these  circumstances  are— carbo 
ammonium,  the  different  ethers,  sumbul,  camphor,  m" 
bark,  or  riuiuine. 

To  check  the  development  of  a  cop 
been  recommended  and  tried,  but  wit 
tory  results.     One  of  the  liest  and  h 
treatment  of  smallpox  will  be  found 
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le^ue.  Dr.  Arthur  Wynne  Foot,"  lately  senior  physician  to  the  Meath 
Hospital.  The  way  in  which  he  endeavored  to  carry  out  tliis  treat- 
ment in  the  wards  of  the  Meath  Hospital  during  the  epidemic  of 
1871-72  was  by  ^i^iDg  cartolic  acid  internally  in  the  shape  of  the 
sulphocarbolate  of  sodium  (in  doses  of  from  gr.  vij.  occasionally  to 
gr.  li.  in  water  every  third  hour),  or — when  more  suitable — the  sul- 
phocarbolate of  iron ;  by  giving  the  sulphurous  acid  of  the  British 
Pharmacopoeia,  ililuted  with  water— one  drachm  in  a  wineglassful  or 
two  of  iced  water — as  the  usual  drink ;  by  spraying  the  larynx  with  it, 
and  washing  the  nares  and  upper  surface  of  the  palate  with  solutions 
of  sulphurous  nr  of  carbolic  acid;  by  keeping  carbolized  oil  to  the 
face;  by  washing  the  body  with  solutions  of  sulphurous  acid  or  of 
vinegar  and  water;  by  throwing  pure  sulphurous  acid  about  the  bed 
and  bed-clothes  of  the  patient;  and  by  burning  sulphur  in  the  sick- 
room. 

E.  Pepper*'  has  called  attention  to  the  value  of  cocaine  in  smallpox 
and  varioloid.  The  following  is  a  summary  of  his  conclusions,  which 
were  first  published  in  the  year  1889.  By  the  use  of  cocaine,  vario- 
lous, and  a  forftori  varioloid  poisoning,  can  frequently  be  arrested  in 
a  marked  degree.  The  disorganization  of  the  blood  is  generally  less 
rapid  and  less  extensive.  The  fever  is  less  severe  and  of  shorter  du- 
ration. An  incomplete  evolution  or  semi-abortion  of  the  vesicopus- 
tules  or  pustules  is  of  frefjueut  occurrence  when  cocaine  has  l)een  regu- 
larly employed  during  the  .second  period  of  the  disease;  finallj',  the 
various  visceral  congestions  ami  inflammations  are  less  frecjueat  and 
less  intense.  When  cocaine  is  given  by  the  stomach,  five  drops  of  a 
foirr-per-cent.  solution  are  conveniently  a(lministerp»l  four  times  in 
the  twenty-four  hours  to  a  child  aged  five;  at  the  iige  of  ten,  ten 
drops  four  times  in  twenty-four  hours;  and  so  on,  the  dose  being 
increased  by  one  drop  four  times  during  each  twenty-four  hours  for 
each  year  of  age;  at  twenty  years  f)f  age  twenty  drops  are  given  four 
times  in  the  twenty-four  hours.  Each  dose  is  to  be  given  in  a  small 
fpiantity  of  water  or  otherwise  according  to  taste.  One-half  of  these 
quantities  is  frequently'  sufficient.  An  agreeable  mode  of  giving  the 
drug  is  in  sweetened  pastilles,  each  containing  gr.  ii'j  of  cocaine,  with 
or  without  a  small  quantity  of  j>epsiu.  Cocaine  may  also  be  given  in 
suppositories  at  intervals  of  six  or  eight  hours,  tlie  (juantity  thus  ad- 
ministeretl  in  twenty-four  hours  never  being  greater  than  that  given 
><\  mouth.  The  hypodermic  method  is  not  recommended  by  the 
oept  in  the  incipient  stage  when  the  drug  cannot  be  given 
I  or  the  rectum;  the  dose  should  be  a  quarter  of  that  in- 
by  the  mouth.  The  eflFect  of  the  cocaine  must  be  c^ro- 
ut  the  author  points  out  that  in  variola  tolerance  of 
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this  drag  is  strongly  marked.  This  treatment  does  not  exdade  the 
use  of  other  remedies,  either  general  or  local,  but  Pepper  says  that 
in  many  cases  in  which  cocaine  is  methodically  given,  little  or  no 
farther  treatment  is  required.  He  suggests  that  during  an  epidemic 
of  smallpox  it  would  be  interesting  to  study  the  possible  action  of  the 
drug  as  a  prophylactic,  when  given  to  those  particularly  exposed  to 
the  contagion  and  to  unvaccinated  persons.  Pepper  says  the  cocaine 
method  of  treatment  was  first  introduced  by  Luton. 

My  own  experience  is  that  in  quinine  and  in  perchloride  of  iron 
we  possess  the  two  most  valuable  antiseptics  for  internal  use  so  far 
as  smallpox  is  concerned.  Quinine  may  be  given  in  five-grain  doses 
thrice  daily  or  oftener.  This  dose  may  be  administered  in  water  with 
just  enough  dilute  hydrochloric  acid  to  dissolve  it,  or  with  dilute 
hydrobromic  acid  and  water,  or  mixed  with  fresh  milk — when  three 
grains  of  powdered  camphor  may  with  advantage  be  added  to  each 
dose. 

Other  excellent  preparations  of  quinine  are  the  tincture  and  the 
ammoniated  tincture  of  the  British  Pharmacopoeia.  The  former 
contains  one  grain  of  hydrochlorate  of  quinine  in  each  floidrachm, 
the  latter  a  similar  quantity  of  the  sulphate  in  each  floidrachm. 
Tincture  of  sumbul,  tincture  of  nux  vomica,  and  spirit  of  chloroform 
— ten  minims  of  each — may  be  prescribed  with  a  drachm  of  am- 
moniated tincture  of  quinine  in  half  a  win^lassfnl  of  water  thrice 
daily. 

Either  the  tincture  or  the  solution  of  ferric  chloride  may  be  given 
in  twenty  to  thirty  minim  doses,  with  glycerin  ( 3  ss.)  and  water 
( 3  vij.),  and  perhaps  a  few  minims  of  liquor  strychninsB  hydro- 
chloratis.     The  following  prescription  will  be  found  useful : 

^  Tinct.  ferrl  perchloridi, 3  ij. 

Acid,  phosphoric,  dil., 3  isH. 

Glyceriui I  iisa. 

Tinct.  aurantii  reoentis, $88. 

Aqun  chloroformi, ad  3  vi. 

M.  ft.  mistura.     8ig.  "  One-sixth  part  every  sixth  hour. " 

Solution  or  tincture  of  acetate  of  iron  may  be  substituted  for  the 
foregoing.  These  preparations  are  best  taken  in  water,  alone  or  with 
small  doses  of  glycerin. 

Should  it  seem  desirable  to  combine  quinine  and  iron,  the  "  ferri 
et  quininio  citras"  may  be  given  with  spirit  of  chloroform  and  in- 
fusion of  calumba  or  jJain  water ;  or  the  same  scale  preparation  may 
be  exhibited  in  five-grain  doses  in  eflfervescence  with  granalar  eflfer- 
vescent  citrate  of  caffeine,  or  it  may  be  substituted  for  the  am- 
monio-citrate  of  iron  in  the  following  formula  given  by  William 
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Whitla,   of    Belfast,    "a    most    elegant   and    palatable  chalybeate 
mixture" : 

Q  Ferri  et  ammoDii  citratia gr.  cxx. 

Acidi  citrici, gr.  cl. 

Aquee  destillatae, ad  ^  vi. 

Sig.  A  tablespoonful  by  measure  thrice  daily  witli  two  tablespoonfuls  of 
tlie  alkaline  mixture  effervesciiig. 

The  Alkaunk  MncTUSE. 

Q  Potassii  bicarbonatis gr.  ccc. 

Spiritus  chloroformi, j  ij. 

Aquie, ad  ^  xij. 

Sig.  The  alkaline  mixture. 

If  we  possessed  any  certain  means  of  checking  the  development  of 
a  confluent  rash  in  smallpox,  much  distress  and  even  danger  to  life 
in  the  first  instance,  and  later  on  permanent  disfigurement  would  be 
avoided.  In  a  characteristic  paper  entitled  "Some  Notes  on  the 
Treatment  of  Smallpox,"  to  which  the  reader's  attention  is  earnestly 
directed,  William  Stokes"  pointed  out  that  the  virulence  of  the  pus- 
tulation  and  the  tendency  to  pitting  are  directly  as  the  cutaneous 
vascularity  and  heat  of  surface.  In  proof  of  this  Stokes  instanced 
the  case  of  a  strong  and  healthy  young  woman,  who  was  admitted  to 
hospital  with  symptoms  of  fever,  including  intense  headache.  For 
the  relief  of  this  symptom  she  was  leeched  freely  on  the  temples. 
The  attack  proved  to  be  one  of  confluent  smallpox,  but  on  the  face 
not  more  than  two  or  three  small  aborting  pustules  made  their 
appearance.  "Who  can  doubt,"  asks  Stokes,  "that  in  this  instance 
the  depletion  of  the  face  influenced  the  local  progress  of  the  disease?" 
Again,  he  quotes  a  case  commented  on  by  Graves — that  of  a  man 
who  contracted  smallpox  while  under  treatment  in  one  of  the  surgical 
wards  for  a  chronic  afi'ection  of  the  knee-joint.  The  affected  joint 
was  strapped  with  mercurial  plaster,  which  exerted  such  pressure 
on  the  neighboring  cutaneous  capillaries  as  absolutely  to  prevent  the 
development  of  the  eruption  over  the  part.  In  a  third  case  of  severe 
confluent  smallpox  there  was  great  tumefaction,  accompanied  with 
extraordinary  heat  of  the  face,  and,  in  the  hope  of  saving  the  eyes, 
I)oultices  were  applied  over  them.  The  patient  recovered,  but  with 
deep  and  permanent  pitting.  There  was,  however,  no  pitting  on  the 
eyelids  or  in  their  immediate  neighborhood.  From  the  date  of  this 
last  case  (1849)  Stokes  adopted  as  a  routine  practice  the  application 
of  light  poultices  over  the  entire  face,  or  of  a  mask  of  lint  steeped  in 
glycerin  and  water  and  covered  with  a  corresponding  mask  of  oiled 
silk.     He  found  that,  with  but  one  exception,  pitting  was  effectually 
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prevented.    lu  that  case  the  patieut  was  delirious,  and  could  not  be 
kept  from  tearing  the  poultices  oflf  bis  face. 

Ab  the  outcome  of  his  observations,  Stokes  came  to  the  con- 
clusion that,  if  from  an  early  period  we  protect  the  surface  from 
the  air  and  keep  it  in  a  permanently  moist  condition,  marking 
will  seldom  occur.  There  are  then  three  important  indications  of 
treatment : 

1.  The  exclusion  of  air. 

2.  The  keeping  of  the  parts  in  a  permanentlj  moist  state,  so  as 
to  prevent  the  hardening  of  the  scabs. 

3.  The  lesseuing  of  the  local  irritation. 

All  the  authorities  are  agreed  that  these  indications  should  be  as 
far  as  possible  fulfilled.  Charles  AVest  recommends  strapping  with 
mercurial  plaster  or  sponging  with  a  solution  of  corrosive  sublimate, 
apparently  attributing  a  specific  action  to  the  mercury  in  each  case. 
But  for  this  there  seems  to  be  no  warrant.  The  late  Dr.  Alfred 
Hudson  of  the  Meath  Hospital,  Dublin,  used  to  smear  the  face  with 
glycerin.  Sir  John  Banks,  Phj-siciau  to  the  Hardwicke  Fever  Hos- 
pital, Dubliu,  many  years  ago  suggested  the  application  of  an  oint- 
ment composed  of  lapis  calaminaris  (native  impure  carbonate  of  zinc) 
and  glycerin.  Dr.  Foot  applied  to  the  face  carbolized  oil — varying 
in  strength  from  1:4  to  1:8  parte ;  he  also  recommended  the  appli- 
cation of  flexible  collodion  to  the  papules  as  early  as  possible,  for 
its  late  ai>]>Ii«ition  only  does  mischief,  forcing  the  pus  to  burrow 
backwards  into  the  cutis,  so  increasing  the  dermatitis  and  insuring 
pitting.  Mr.  Marson,  of  the  London  Smallpox  Hospital,  waited 
until  the  pustules  had  burst  and  the  discharge  had  begun  to  dry. 
He  then  applied  the  Ijest  olive  oil,  or  a  mixture  of  glycerin  and  rose 
wut-er  iu  the  proportion  of  1 :  3.  He  also  recommended  "  cold  cream," 
or  oxide  of  zino  ointment,  or  olive  oil  and  lime  water  {linimenUim 
calcis,  or  "  Carron  oil"),  or  calamine  mixed  with  olive  oil.  Cursch- 
maun  speaks  highly  of  the  value  of  cold — even  iced — compresses 
fretjuently  renewed  for  the  relief  of  pain,  swelling,  and  redness  of  the 
skin.  The  American  practice  to  prevent  pitting  is  exclusion  from 
the  mom  of  the  solar  light  and  the  application  of  a  solution  of  boric 
aci<l  (one  di'iichni  to  one  pint  of  water)  by  means  of  compresses,  fre- 
quently changed,  or  covered  vnth  oiled  silk.  In  Germany  a  paste — 
comi)oaed  of  carbolic  acid,  4  to  10  parts ;  olive  oil,  40  parts ;  and  pre- 
jjiired  chalk,  00  part.s — is  spread  on  linen  and  applied  to  the  parts 
where  the  eruption  is  apt  to  be  worst.  This  application  should  be 
changed  every  twelve  hours. 

Dr.  Lewentauer"  suggests  the  application  to  the  face  by  means 
of  a  mask,  and  also  to  the  other  parts  on  which  the  eruption  is 
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marked,  of  an  ointment  consisting  of  sfilicylic  acid,  3  parts ;  starch, 
30  parta;  and  glycerin,  70  parts. 

Bertrand '"  reeoramendH  the  application,  with  a  binish,  as  soon  as 
the  eruption  appears  either  on  the  face  or  in  the  pharynx  of  a  mixture 
of  4  gm.  (1  drachm)  of  boric  acid  to  50  |j;m.  (li  oz.)  of  glycerin. 
The  eyes,  meanwhile,  should  be  bathed  with  a  tepid  saturated  solu- 
tion of  boric  acid. 

Talamou"  applies  ethereal  solutions  of  various  antiseptics  by 
means  of  a  spray  apparatus.  Salol  does  well  only  when  the  rash  is 
slight  and  scanty ;  in  all  cases  corrosive  sublimate  is  to  be  preferred. 
He  sprays  the  part  for  a  minute  three  or  four  times  a  day — until 
desiccation  takes  jiliiee — with  a  solution  consisting  of  corrosive  sub- 
limate and  citric  acid,  of  each  1  gm.  (15.432  grs.),  alc<ihol  (90  per 
cent.)  5  CO.  (80  minims),  and  ether,  sufficient  to  make  50  c.c.  (1^  oz.) 
The  eyes  should  be  guarded  during  the  application. 

Skoda  prefers  compresses  moistened  with  solution  of  corrosive 
sublimate  (gr.  ij.-iv.  to  water  ;  vi.).  Hebra  applies  only  cold-water 
compresses. 

My  own  plan  is  to  apply  over  the  face  a  light  mask  of  lint  thor- 
oughly soaked  in  a  mixture  oi  iced  water  and  glycerin  (a  teaspoonful 
in  an  ounce  of  water)  and  covered  with  oiled  silk. 

"Ihle's  J'aste,"  which  is  a  mixture  of  ten  grains  of  resorcin  with 
two  drachms  each  of  powdered  starch,  oxide  of  zinc,  lanolin,  and  soft 
Iiaraffiu  (vaseliu)  wrmld  probably  suit  some  cases.  In  the  earlier 
stages  of  the  eruption  also  antiseptic  and  astringent  dusting  powders 
will  possibly  relieve  the  distri'ssiug  heat  and  iiritatiou  of  the  skin. 
Boric  acid,  "dermatol"  (subgallate  of  bismuth),  "Emol  keleet" 
(which  is  a  refined  fuller's  earth),  or  a  carbtilized  powder  like  the 
following,  may  be  recommended : 

^  Acidi  carbolic!  puri  liqucfacti, Jsa. 

Zinri  oxidi |  J. 

Pulv.  lycopodii, |l. 

Ft.  pulvis. 

Jolin  MacCombie,  however,  truly  says  that  oils  and  other  prepa- 
rations often  add  t-o  the  patient's  discomfort,  and  many  patients  pre- 
fer to  have  no  applications  whatever  on  the  skin.  At  the  same  time 
he  strongly  recommemLs  the  early  sep)aration  of  the  crusts,  whether 
on  the  face,  scalp,  or  elsewhere.  This,  he  thinks,  can  l>est  be  accom- 
plished by  the  ai)phcatiou  of  linseed-meal  poultieea,  sprinkled  with 
iodoform.  On  the  face  the  niethml  most  agreeable  to  the  patient  is 
to  cut  a  mask  of  a  single  thickness  of  lint,  with  apertures  for  the 
eyes,  nose,  and  mouth;  then  to  smear  a  thin  layer  of  linseed-meal 
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]X)ultice  on  this,  taMng  care  to  put  on  the  surface  a  little  vaselin  in 
which  iodoform  has  been  mixed  (greasy  applications  do  not  at  this 
stage — that  of  decrustatiou — irritate  the  patient),  and  to  apply  this 
poultice  to  the  face,  changing  it  at  least  every  two  hours.  Bj  this 
means  the  crusts  may  be  separated  more  rapidly  than  by  any  other. 

Closely  akin  to  these  various  measures  for  lessening  the  irritation 
of  the  surface,  keeping  the  eruption  moist,  and  excluding  air,  is  the 
treatment  of  smallpox  by  the  warm  or  tepid  bath. 

In  his  classical  "Essay  on  Fevers,"  John  Hoxham  advises  bath- 
ing not  only  the  legs  and  feet  but  the  arms  and  hands — ^"  nay,  and 
even  the  trunk  of  the  body  also,"  in  certain  cases  of  smallpox.  His 
object,  it  is  true,  was  to  bring  out  the  eruption  well.  He  adds: 
"  This  is  not  altogether  a  new  method :  for  Bhazes  advises  the  patient 
to  be  kept  in  a  kind  of  balneum  vaporis,  to  facilitate  the  eruption." 

Hebra  appears  to  have  had  his  attention  drawn  to  the  treatment 
of  smallpox  by  the  warm  bath  through  observing  its  efficacy  in  the 
management  of  burns.  In  his  practice  in  the  Vienna  General  Hos- 
pital patients  suflferiug  from  extensive  bums  have  been  kept  in  the 
warm  bath  continuously  for  one  hunilred  days  with  good  effect.  "  It 
is  clear,"  says  Stokes,  "that  in  the  case  of  the  continued  warm  bath 
we  have  the  conditions  just  mentioned  completely  fulfilled,  and  that, 
too,  as  regards  the  entire  person  of  the  patient. " 

In  the  paper  from  which  I  have  so  largely  quoted,  Stokes  details 
a  cjuse  in  illustration  of  the  use  of  the  warm-bath  treatment  of  bad 
smallpox.  So  graphic  and  striking  as  a  word-picture  is  this  clinical 
record  that  I  know  I  shall  be  excused  for  transcribing  it  at  length : 
"Not  many  years  since,"  wTote  Stokes  (in  1872),  "one  of  our 
students,  a  very  large  and  robust  man,  was  attacked  with  smallpox, 
which  soon  showed  itself  in  its  worst  characters.  The  fever  at  first 
was  very  high,  and  the  head-swelling  and  vascularity  of  the  face 
intense.  The  erupfion  was  unwersal,  whUe  the  pustules  on  the  face 
became  confluent  at  an  early  period. 

"Delirium  set  in,  and  tlie  patient  tore  off  the  dressings  from  his 
face  so  often  that  we  desisted  from  their  further  application.  After 
the  tenth  da\'  the  condition  of  the  patient  was  most  appalling.  The 
delirium  continued,  the  circulation  became  every  day  weaker  and 
more  rapid,  notwithatjindiug  the  free  use  of  stimulants;  the  crusts 
were  not  only  black,  but  on  the  legs  here  and  there  there  was  less 
confluence,  the  blackness  of  the  worst  purpura  appeared — a  condition 
held  by  Hebra  to  be  always  fatal.  The  body  was  one  universal 
ulcerous  sore,  and  the  agonies  of  the  patient  from  the  adhesion  of  the 
surface  to  the  bedclothes  were  not  to  lie  described.  In  addition  to 
the  usual  foetor  of  smallpox  in  the  stage  of  decrustation,  which  was 
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present  in  the  highest  degree,  there  was  an  odor  of  a  still  more  in- 
tensely pungent  and  offensive  character,  which  seemed  to  pass 
through  the  bystander  like  a  sword.  I  never  before  or  since  experi- 
enced anything  similar.  Htiniiilants  alone,  freely  and  constantly 
employed,  seemed  to  preserve  the  patient  alive;  the  pulse  was  rapid, 
weak,  and  intermittent,  and  for  several  days  we  despaired  of  his  life. 

"  At  this  juncture  I  happened  to  describe  the  case  to  my  colleague, 
Mr.  Sniyly,  who  suggested  the  trial  of  the  warm  bath,  with  the  view 
of  relieving  the  terrible  suffering.  A  bath  iu  which  he  could  recline 
was  speedily  procured,  and,  pillows  being  adjusted  in  it,  we  lifted  the 
sufferer  in  and  placed  him  in  the  recumbent  position.  The  effect 
was  instantaneous  and  marvellous.  The  delirium  ceased  as  if  by 
magic;  it  was  the  delirium  of  pain,  and  the  ]>atieut  exclaimed: 
'Thank  God!  tliank  God!  I  am  in  heaven!  I  am  in  heaven!  why 
didn't  you  do  this  before? '  The  foetor  immediately  and  completely 
disappeared,  so  that  on  entering  the  ward  no  one  could  suppose  that 
there  was  a  case  of  Hmall]3ox  in  it.  He  was  kept  at  lefwt  seven  hours 
iu  the  bath,  during  whith  time  brandy  was  freely  administered,  and 
omitted  only  when  he  showed  symptoms  of  its  disagreeing  with  the 
brain.  He  was  then  removed  to  bed.  Tlie  surface  was  deau,  and 
in  many  places  the  sores  looked  healthy  and  wliite.  The  bath  was 
repeated  next  day,  after  which  he  fell,  for  the  first  time,  into  a 
tranquil  sluml>er.  From  this  time  liis  recovery  was  progressive, 
delayed  only  by  the  formation  of  abscesses  and  the  great  soreness  of 
the  feet. 

"That  this  gentleman's  life  would  have  been  sacrificed  but  for  the 
timely  use  of  the  bath,  few  who  have  had  any  experience  in  prognosis 
can  reasonably  doubt.  He  was  in  the  condition  of  a  patient  every 
portion  of  whose  skin  had  been  burned  and  ulcerated.  The  jmstula- 
tiou  was  almost  universally  confluent;  the  purulent  matter  highly 
putrescent;  the  hemorrhagic  state  developed,  and  the  nervous  system 
suffering — in  fact,  he  had  every  symptom  of  the  worst  putrid  absorp- 
tion. 

"This  case,"  adds  Stokes,  "and  its  singular  result,  iu  addition  to 
the  experience  of  Hebra,  justifies  the  recommendation  of  the  use  of 
the  bath." 

In  a  discussion  on  the  treatment  of  smallpox  at  the  Medical  So- 
ciety of  the  Koyal  College  of  Physicians  of  Irehuid,  on  March  '20th, 
1872,  Dr.  Hawtrey  Benson,"  now  Consulting  Physician  to  the  City 
of  Dublin  Hospital,  detailed  a  very  similar  case  to  the  foregoing. 
The  patient  was  kept  in  a  slipper-bath,  at  a  temperature  of  98"  F. 
for  five  hours  and  a  half.  He  was  then  put  to  bed  perfectly  free  from 
delirium,  and,  with  the  help  of  fifteen  grains  of  chloral  (of  which 
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sixty  grains  had  previously  had  no  effect),  he  slept  uniutetrnptedlr 

for  eight  hours.     The  case  progressed  from  that  time  forward  without 
the  slightest  check. 

Hebra's  apparatus  for  the  continual  bath''  was  exhibited  in  the 
London  International  Exhibition  of  1862.  The  apparatus  consLsts  of 
a  bath,  sis  feet  long  by  three  feet  broad,  made  of  wood  and  lined  with 
copper  or  zinc.  Exactly  fitting  its  interior  is  an  iron  frame  to  which 
are  fastened  transverse  bauds  of  webbing,  as  in  an  ordinarv-  bed. 
About  two  feet  from  one  end  of  this  frame  is  attached  a  head  support, 
which  moves  on  a  hinge  and  can  be  fixed  at  any  angle  by  a  simple 
piece  of  rack-work.  The  frame  is  covered  with  a  blanket  and  is  also 
provided  with  a  horsehair  pillow;  it  does  not  rest  on  fixed  supports, 
but  is  suspended  in  the  bath  by  cords  attached  to  it  at  each  end. 
These  cords  pass  over  two  small  rollers,  placed  one  at  the  heml,  one 
at  the  foot  of  the  apparatus  and  provided  with  bandies,  so  that  the 
whole  bed  can  easily  be  raised  or  lowered  within  the  bath.  At  the 
head  of  the  bath,  but  at  a  higher  level,  is  a  vessel  made  of  copper, 
which  can  be  heated  so  that  the  water  may  be  supplied  at  any 
rerjuired  temi>erature.  The  supply  pipe  enters  the  bottom  of  the 
liatli,  the  PHcapo  pipe  opening  into  it  at  the  water  level.  "WTien  the 
apparatus  is  in  use  water  is  kept  flowing  constantly  through  it,  so 
that  all  impurities  are  rapidly  washed  away.  To  enable  the  face  to 
be  kopt  fimtiuually  wet,  or  to  be  sijceially  irrigated,  additional  small 
tubes,  each  provided  with  a  rose,  are  connected  with  the  copper 
veBHoI  or  reser^'oir. 

Before  the  patieut  is  placed  in  the  Ijath  it  is  filled  with  warm 
water,  at  a  temperature  of  90"  to  100°  F.,  according  to  his  iuclin»- 
tion.  A  wooden  cover,  upon  which  a  blanket  is  spread,  is  put  over 
the  lower  ptxrt  of  the  apparatus  while  the  patient  is  in  the  bath.  If 
it  is  desired  that  the  head  also  should  be  covered,  this  is  easily  man- 
aged hy  roofiug  in  the  head  of  the  bath  by  means  of  hoops  upon 
which  blankets  are  placed. 

Foui-  of  these  baths  were  put  up  in  the  General  Hospital  of 
Vienna  under  Professor  Hebra's  supervision. 

The  treatment  of  such  afFectious  of  the  skin  in  smallpox  as  bed- 
sores, abscesses,  boils,  erysiiielas,  and  gangrene,  consists  largely  in 
scrupulous  cleanliness  and  efficient  nursing.     The  body  linen  shoi  " 
bo  freqnontly  cluiuged.     The  jiatient  should  lie  on  a  water-b 
a  wuven-wire  mattress,  since  the  introduction  of  which  into  c 
pital  wards  bedsores  have  become  much  less  common  thaT> 
The  intense  pain  wliich  attends  the  formation  of  pustnli 
soles  of  the  feet  and  tlie  palms  of  the_ 
of  the  epidermis,  which  is  witb 
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and  thus  causes  a  counter-pressure  on  tlie  cutis.  Our  object  then 
should  l>e  to  keep  these  pujia  moist  mid  therefore  soft,  and  this  ia 
effected  Ly  wrajjping  the  feet  and  hautls  iu  Gamgee  tissue  or  in  wet 
cloths  covered  with  oiled  silk  or  gutta-percha  tissue  as  recommended 
by  Hebra.  If  this  is  done,  no  disagreeable  sensations  are  felt. 
Writing  in  17r>4,  Huxham  said :  "  I  would  recommend  also  bathing 
the  feet  and  legs  iu  warm  water,  or  milk  and  water,  for  a  few  minutes, 
two  or  three  times  a  day  before  and  at  the  enijitiou,  and  would  like- 
wise have  cataplasms  of  milk  and  bread,  boiled  Itirnips,  or  the  like, 
applied  to  the  feet."  He  did  this  "  to  make  a  very  powerful  revulsiou 
from  the  head  and  breast." 

The  eyelitlfl  should  be  poulticed  tt)  reduce  oedema,  or  kept  covered 
with  cold  compresses.  Fttr  atrophic  keratitis  cod-liver  oil,  iron, 
wine,  and  good  food  are  indicated. 

Affections  of  tlie  mouth,  tongue,  and  pharynx  are  best  treated 
with  ice,  antisejttic  sprays  of  sulphurous  acid,  chlorinated  soda  solu- 
tit>n,  corrosive  sublimate  solution,  or  Coudy's  fluid  well  diluted,  an- 
tiseptic gargles  of  <iuiuine,  chlorate  of  potassium,  boric  or  lactic  acid, 
resorcin  (in  the  proportion  of  10  grains  to  the  ounce  of  peppermint 
water  with  glycerin)  carbolic  acid,  and  so  on;  linetuses  of  glycerin 
of  tannin  or  of  carbolic  aciil,  boric  acid,  glycerin  and  lemon  juice, 
ete. 

In  cases  of  laryngitis  the  internal  use  of  ice  is  invalualilo.  Hot 
poultices  should  be  slung  round  the  neck  and  kept  smeared  with  glyc- 
erin of  carbolic  acid  or  a  twoand-oue-hali-per-cent  carl>olized  oil. 
Li  the  early  stage  leeches  may  l.>e  applied  to  tlie  angle  of  the  jaw.  In 
like  cases  in  scarlatina  Graves  recommended  the  application  of  relays 
of  sponges  wning  out  of  hot  water  to  the  front  of  the  neck  for  fifteen 
or  twenty  minutes  at  a  time.  Above  all,  the  steam  kettle  should  be 
kept  going  and  the  ])atient  should  Ijc  placed  in  a  croup-tent  and  well 
supported  by  food  and  stimulants.  In  acute  oedema  of  the  glottis, 
Curschmann  advises  that  an  eraetie  should  be  given,  if  the  patient  ia 
strong  enough,  or  kx-al  scarifications  or  tracheotomy  may  be  em- 
ployed. 

The  same  measures  as  those  advised  for  laryngitis  may  be  adopted 
in  bronchitis  (jr  other  affections  of  the  respiratory  triict,  iu  addition 
to  dry-cupping  (if  the  rash  is  not  thick-set)  and  poulticing. 

Diarrhoea  is  often  controlled  by  a  starchy  diet  and  brandy  or  port 
wine,  and  by  poulticing  the  alxlomen,  or  by  applying  a  wet  compress 
over  it.  If  not,  solution  of  pernitrate  of  iron  may  be  prescribed,  or 
pills  of  acetate  of  lead  and  opium,  or — in  the  case  of  children^aro- 
matic  chalk  powders. 

Ad  excellent  remedy  is  a  small  starch  enema,  containing  ten  to 


498 

twenty  drops  ot  Uadannm.    This  stsys  peristsHie  actiom.     Salicjlaie 

uf  bismoth,  salol  'phenyl  ether  of  salkylk  add),  and  caibonate  of 

gnaiaool,  or  fiTe-mimm  doses  ol  spirit  of  tnrpentine  or  toebene  will 

be  found  useful.    Salicy  late  of  Insmath  is  readily  swallowed  in  cachets 

even  in  ten-grain  doses.     Dr.  James  Little,  senior  physician  to  the 

Adelaide  Hospital,  Dublin,  prescribes  the  dmg  in  a  pill  or,  should 

the  patient  be  onable  to  swallow  a  pill,  in  a  mixture.     His  fcmnulc 

are: 

Pnx. 

Q  Acidi  cmrbolici gt.  J. 

Extncti  opii, gr.  ^, 

BuBDutbi  aaUcrUtis, gr.  UJ. 

FUt  pOolA  leciuidiim  mrtem.    One  sndi  pill  is  to  be  uken  after  eadi  loow 
•tool 

MtXTUKK. 

^  Biamothi  aalicjUtis, gr. 


PuIt.  gummi  acacic, gr. 

Tincturs  opii, «l  xriij. 

Glf  cerini  acidi  carbolid. 2  ■■■ 

Tincturs  laraoduls  comp. , 3Uj. 

Aqua, ad  $  tL 

Sig.  A  sixth   part   twice,  tlirioe,  or  four  times  in  twenty-foor  iMxin,  as 
reqaiied. 

Of  late,  I  have  found  the  following  very  useful : 

Q  Bismuthi  salicjiatis gr.  Ixjcx. 

Pulv.  tragacantb.  <omp gr.  cxx. 

Spt.  cbloroformi J  ij. 

.\.qn.T, "d  ?  viij. 

Sij,'.  Shake  the  l>ottlr.     An    cigtitli    part  everj-  third  or  fourth  hour,  si 
requircil. 

In  cawH  of  slwi)lpssnP88  and  delirium,  the  hair  should  be  cut 
clo8e  or  tlio  hoad  Hhaved,  ice  may  be  a]<plied  as  recommended  bv 
StokoH,  unlfiHH  tlifre  Ih  much  depression,  and  stimulants  often  agree. 
The  ijrfjjM^r  alternation  of  day  and  night  induces  sleep,  so  the  sick- 
room should  not  l>o  entirely  darkened  in  the  daytime,  although  onlv 
the  rod  ravs  should  be  allowed  to  enter.  ^Miispering  in  the  sick- 
room should  \h)  forbidden;  far  better  to  talk  aloud,  if  it  is  necessari- 
t<>  talk  at  all.  In  private  practice,  the  plan  of  having  two  beds  an<l 
changing  tlu;  patient  from  one  to  the  other  every  twelve  honrs  or  8«> 
often  l)ringH  on  sleep.  Should  these  simple  nursing  measures  fail, 
and  if  the  patient  has  had  no  sleej)  for  thirty-six  hours,  recourse 
must  be  had  to  hypnotics. 

The  "  three  fifteens"  sometimes  act  well,  that  is,  fifteen  g;rain8  of 
bromide  of  potassium,  fifteen  grains  of  chloral  hydrate,  and  fifteen 
minims  of  li<iuid  extract  of  opium.     Pain  must  be  relieved  in  snudl- 
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pox  if  sleep  ia  to  be  secured.  Foremost  among  anodynes  and  hyp- 
notics alike  stands  opium,  which,  unfortunately,  has  the  disadvan- 
tage of  tending  to  lock  up  the  secretions.  Nevertheless,  to  an  adult 
whose  kidneys  are  sound  and  efficient,  fifteen  or  twenty  minims  of 
Battley's  sedative  solution  may  be  administered;  or  twenty  to  thirty 
minims  of  the  solutions  of  the  hydrochlorate  or  acetate  or  bimeconate 
of  morphine,  or  twenty  minims  of  "nepenthe"  (a  solution  of  pure 
meconate  of  morphine  in  sherry  wine),  or  five  grains  of  the  "com- 
pound soap  pill"  of  the  British  Pharmacopoeia,  or  ten  grains  of  the 
compound  ipecacuanha  powder  ("  Dover's  powder") ,  or,  better  still, 
a  pill  representing  that  dose  and  consisting  of  one  grain  each  of  ex- 
tract of  opium  and  of  ipecacuanha  ^vith  two  grains  of  extract  of  hyos- 
cyamus.  A  hypodermic  injection  of  morphine  (gr.  ^  to  i)  may  be 
substituted  for  any  of  the  foregoing,  if  preferred.  Graves'  classical 
prescription  of  tartar  emetic  and  opium  is  now  seldom,  if  indeed  ever, 
exhibited.  Murchison  proposed  that  digitalis  should  be  given  in 
combination  with  opium  or  morphine,  and  there  is  no  doubt  that  by 
these  combinations  sleep  will  be  induced  in  many  instances  where 
opium  alone  would  fail  or  be  contraindicated.  Murchison's  prescrip- 
tion is  as  follows : 

If  Liquoris  opii  sedativi 31. 

Tincturse  digitalis 31. 

Spt.  stberis  nitrosi, 3  ij. 

Aquee  campbone, ad  J  vi. 

Sig.  A  sixth  part  at  once,  and  afterwards  half  a  iluidouDcc  every  second 
hour  until  the  patient  sleeps. 

Chloral  suits  children  much  better  than  opium.  It  may  be  given 
in  this  form : 

If  Syrupi  chloralis  (B.  P.) 3  i. 

Syrupi  simplicis 3  vij. 

Sig.  A  teaspoonful  every  hour  until  sleep  sets  in. 

A  prescription  of  Graves  for  the  insomnia  of  the  ataxic  state 
(nervous  prostration)  may  be  quoted.  It  was  a  draught,  to  be  taken 
every  two  hours,  containing  half  a  grain  of  tartrated  antimony  (tar- 
tar emetic),  ten  grains  of  musk,  five  grains  of  camphor,  and  ten  drops 
of  laudanum.  After  taking  three  such  doses  the  (typhus)  patient, 
whose  case  he  was  describing,  fell  into  a  quiet  sleep,  from  which  he 
awoke  quite  rational." 

When  prescribing  the  bromides,  it  is  well  to  order  them  to  be 
freely  diluted.  They  may  be  given  in  full  doses,  even  up  to  sixty 
grains,  at  least  two  hours  before  sleep  is  expected. 

Sulphonal,  trional,  tetronal,  chloralamide,  and  paraldehyde  are 
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unrpliable  hypnotics  in  smallpox,  and  therefore  cannot  be  recom- 
mended. Phenacetin,  phenazoue,  and  acetanilide  may  induce  sleep 
indirectly  in  smallpox  by  retiucing  temperature  and  relieving  pain, 
especially  headache.  They  should,  however,  be  exhibited  with  cau- 
tion and  in  moderate  doses.  These  drugs  are  not  safe  in  early  child- 
hood.    A  magical  draught  is  this : 

^   PllCDBZOni,  gT.   XI. 

Misturfc  gclsemii, ni  xx. 

Aqiiie  cliloroformi, ad  j  'j- 

Sig.  One  fourth  part  for  a  dosc^ — to  be  repeated  in  two  hours,  if  need  be 

Attendants  upon  smallpox  patients  should  always  be  on  their 
guard  against  homicidal  or  suicidal  attempts. 

Curschmanu  recommends  that  chloral  hydrate  should  be  adminis- 
tered by  the  rectum,  in  an  enema  containing  from  one  and  a  half  to 
two  drachms,  with  eight  ounces  each  of  water  and  of  mucilage.  He 
says  that  variolous  affections  of  the  pharynx  and  larynx  may  be  dan- 
gerously intensified  by  this  drug. 

In  cases  of  profound  stupor,  attention  should  be  directed  to  the 
state  of  the  bladder.  Timely  use  of  the  catheter  may  at  once  relieve 
retention  of  urine  and  cerebral  oppression  and  obviate  a  troublesome 
cystitis. 

Thirst  is  best  assuaged  by  drnughta  of  cold  water,  if  need  be 
.  slightly  acidulated  or  embittered  with  caacarilla  or  quassia  (MurcJii- 
son).     According  to  the  late  Dr.  Robert  D.  Lyons,  of  Dublin,  cam- 
phor is  often  a  specific  against  tliirst.     It  may  be  given  in  the  form 
of  camphor  julep  (aqua  camphorte) . 

Persistent  vomiting  is  beat  treated  by  applying  a  sinapism  to  the 
pit  of  the  stomach  or  nape  of  the  neck,  should  the  state  of  the  sur- 
face allow  it ;  or  by  the  administration  of  ice,  lime  water,  Schacht's  so- 
lution of  bismuth,  magnesium  preparations,  or  effervescing  draughts 
wntli  dilute  liydrocyanic  acid.  The  bowels  should  be  kept  free. 
TympjLuitee  or  raeteorisra  (tiatiileut  distention  of  the  abdomen  from 
inflation  of  the  intestines  with  gas)  and  hiccough  must  be  treated 
with  aiitispafimodics  internally,  such  as  thirty-minim  dosea  of  aro- 
matic spirit  of  ammonia,  nr  compound  spirit  of  horse-radish,  or 
spirit  of  cajuput,  or  of  nutmeg,  together  with  ten  to  twenty  mi 
doses  of  tincture  of  snmbul.  Other  nweful  remedies  are  turpen* 
pop]>ermiiitwith  I  iacol.     Enematat 

pontine,  asufoetid  ered,  if  there  ■ 

evidence  of  an  in  t  best  extei 

plications  are  he 
above  all,  ice  pou 
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Willidni  Cayley  says  the  ice  poultice  may  be  conveniently  applied  by 
puttiuK  suiiill  pieces  of  ice  between  two  folds  of  flannel.  Failing  all 
tliCHe  means,  the  long  tiil>e  shoiild  be  passed  up  the  rectiim  as  far  aa 
possible  in  order  to  give  vent  to  some  of  the  pent-np  gas. 

Lastly,  while  only  too  often  it  happens  that  all  our  efforts  to 
comlmt  hemorrhagic  anmlljMX  are  in  vain,  we  yet  may  save  life  by 
the  administration  of  the  solution  or  tincture  of  ferric  chloride  in  full 
doses — thirty  minims  every  third  hour,  or  of  gallic  or  tannic  acid  five- 
grain  to  ten-graiu  dosea,  or  of  pyrogallic  acid  in  one-grain  doses, 
or  of  ergot  (ounce  doses  of  the  infusion  or  three  grains  of  ergotiu  dis- 
solved in  glycerin  and  water,  the  latter  dose  being  given  hypwlermi- 
cally  if  need  be),  or,  best  of  all,  of  turpentine  and  ergot.  The  for- 
mula for  the  last  combination  which  we  used  at  Cork  Street  Hospital 
was  aa  follows: 

It  Extract,  crgotn)  liquiili. 3  iij. 

Olei  terebinthinir, 3  iij- 

8pt.  Klheris  nitrosi, J  ij. 

8pt.  rectillcAti 31. 

Ovi  viti'lliim, 

Aqua;  menlb.'L' piperit.T,         .....      ad  sviij. 

Sig.  One  eighth  part  every  thiril,  fourtli.  or  sixth  hour,  iis  recjuireil. 

At  Cork  Street  Hospital,  iu  cases  of  menorrhagia  and  metror- 
rhagia, cold  to  the  vulva  was  of  use,  also  slapping  the  buttocks  ndth 
cloths  dipped  in  ice-cold  water.  In  several  cases,  lii:it  water  injected 
into  the  vagiua,  sis  recommended  by  Dr.  Emmet  i>f  New  York,  and 
approved  by  Dr.  Lombe  Atthill,  the  temperature  of  the  water  being 
from  98'  to  lltV  F.,  seemed  to  do  good. 

In  these  awful  cases  stimulants  are  imperatively  called  for, 
brandy,  whiskey,  or  wine  according  to  circumstances,  and  especially 
"egg  flip"  mixture  and  "turpentine  punch."  Curachmauu  recom- 
mends a  further  trial  of  transfusion  of  blood,  which,  he  admits,  has 
so  far  disappointed  expectation.  Inhalation  of  oxygen  is  undoubt- 
edly of  use,  but  the  gas  should  not  Ije  inhaled  or  driven  into  the  month 
forcibly.  The  mouthpiece  should  Ije  held  at  a  short  distance  away 
from,  and  lielow,  the  ]ip,i  of  the  patient. 

In  the  management  of  tiie  various  complications  and  seqneltc  of 
smallpox,  "  we  must"  (as  Murchison  says,  when  apetiiiiug  of  typhus) 
"be  guided  by  general  jirinciples  and  bj'  the  symi>toms  iu  the  indi- 
vidual case,  never  forgetting  that  the  primary  disease"  (and  this  is 
especially  true  of  the  terrible  malady  we  have  l»en  considering)  "has 
a  tendency  to  induce  great  nervous  prostration  and  depression  of  the 
heart's  action,  which  forbid  all  depleting  or  lowering  measures." 
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DuBiNO  tbe  eighteenth  centurj'  epidemics  of  smallpox  followed 
each  other  in  rapid  succession  throughout  the  entire  world.  The 
documents  which  we  possess  concerning  the  ravages  of  variola  in 
France,  England,  and  Germany  give  nearly  the  same  figures  as 
regards  the  mortality  cauHed  by  this  disease,  an  epidemic  of  small- 
pox destroying  about  two  thousand  persons  per  million  inhabitants, 
that  is  to  say,  two  per  thousand.  This  estimate  is  confirmed  by 
what  we  see  at  the  present  day  when  variola  attacks  a  people  not 
protected  by  vaccination.  In  1887  and  1888  an  epidemic  broke  out 
in  Douamenez,  a  small  city  of  about  ten  thousand  inhabitanta  in 
Finistere,  where  vaccination  had  been  singularly  neglected,  and  nine- 
teen hundred  and  thirty -one  persons,  nearly  one-tenth  of  the  entire 
population,  perished. 

In  the  presence  of  such  disastrous  results  a  procedure  which  ren- 
dered those  who  had  submitted  to  it  immune  to  future  attacks, 
namely,  variolic  inoculation,  had  boen  received  with  enthusiasm. 
We  need  not  stop  here  to  discuss  the  advantages  and  dangers  of  this 
method.  Those  who  were  opposed  to  iuocidation  claimed  that  it  waa 
not  always  benign  in  its  results;  that  a  certain  numljer  of  those  who 
submitted  to  it,  two  or  three  per  cent.,  died;  and  that  it  furthermore 
created  a  group  of  persons  who  constituted  a  dangerous  centre  of  in- 
fection in  the  community.  Furthermore  it  was  extemely  difficult  to 
generalize  this  operation,  and  it  was  practically  never  employed  out- 
side of  the  small  circle  of  those  who  constituted  at  that  time  the 
people  of  (luaUtv',  the  devoted  followers  of  fashion.  Such  was  the 
situation  when  Jeuner  appeared. 

Discovery  of  Vaccination. 

The  discovery  of  vaccination  baa  often  been  ascribed  to  chance; 
the  following  is  the  part  which  chance  played  in  it:  WTiile  still  a 
student  at  Sudbury,  Jenner  saw  a  young  woman  who  declared  that 
she  waa  safe  from  contracting  smallpox  since  she  had  already  had 
'owpox.  This  assertion  was  retained  in  Jenner'a  memory  and  served 
te  point  of  departure  for  his  suleequent  researches,  and  herein 
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precisely  is  the  merit  due  him.     Others  before  him  had  heard  similar 
statements  from  dairymaids,  and  other  physicians  had  had  nnder 
their  eyes  similar  facts.     Some  time  before  this,  during  the  reign  of 
Charles  H.,  the  Duchess  of  Cleveland,  who  held  a  position  in  the 
King's  service  the  chief  function  of  which  was  in  close  dependence 
upon  her  beauty,  replied  to  the  courtiers  who  were  joking  vdih  her 
on  the  possible  loss  of  her  occupatioQ  through  the  disfigurement  of 
smallpox,  that  she  hatl  nothing  to  fear,  for  she  hatl  had  the  cowpoi. 
Some  years  before  the  appearance  of  Jenner's'  memoir  on  tbe  cure  of 
variola  by  the  cowpox,  a  woman  named  Catherine  Wilkins,  who  had 
had  cowpox,   was  in  London  and  placed  herself  under  the  care  of 
Archer,  who  tried  in  vain  to  inoculate  her  with  smaUpox.     The  his- 
tory of  the  farmer  Jesty  is  still  more  instructive.     This  man,  who 
had  seeu  the  results  of  inoculations  with  cowpox  and  who  axjpreciated 
their  full  value,  submitted  to  the  operation  with  his  entire  family. 
Sure  of  the  protection  afforded  by  the  cowpoi,  he  came  to  Liondon, 
to  the  inoculation  hospital,  and  defied  the  physicians  to  give  him  or 
any  of  his  family  the  smallpox.     The  physicians  of  the   smallpox 
hospital,  who  had  thus  a  grand  discovery  thrust  into  tteir  hands, 
failed  to  ace  in  this  circumstance  anything  extraordinary.      Jenner's 
Llistiuctiuu  over  his  colleagues  is  that  he  did  understand  the  signifi- 
cance of  this  fact.     He  was  a  pupil  of  the  great  John  Hunter,  the  man 
who  maintained  a  regular  meuaj^erie  for  his  laboratory  experiments, 
to  which  ho  was  devoted,  his  patients  being  regarded  solely  as  a 
means  of  sujjplyiug  that  "  {lamued  guinea"  needful  in  the  maintenance 
of  his  museum.     Jennor  himself  had  made  a  large  number  of  experi- 
ments; ho  had  carried  on  with  his  master  a  correspondence  in  which 
we  find  with  astonishment  that  they  diaeussed  questions  which  to-day 
nrnune  tho  liveliest  controversy,  as,  for  example,  the  electrical  apja- 
ratus  of  the  torpedo,  the  phenomenon  of  hil>emation,  the  tem|jerature 
of  animals  and  vegetables,  muscular  movements,  etc. 

Jouuer,  aft«r  loaviu^  Loudon,  returned  to  his  native  place  to  es- 
tablish himself  iu  imictice,  and  there  carried  on  with  great  zeal  inocu- 
lation for  smallpox.  He  soon  remarked  that  certain  persons  were 
refractiiTv  to  his  variolous  inoculations,  and,  guided  by  the  recoUeo- 
tious  of  his  student  oljservations,  he  soon  noticed  that  this  immunity 
was  possessed  by  persons  who  had  to  do  with  the  care  and  milking  of 
cows.  The  first  serious  obsen'ationa  of  Jenuer  were  apparently  mai 
in  1775.  He  saw  that  an  eruption  occurred  on  the  hands  of 
cowherds  and  dairymaids,  especially  when  there  were  chapo 
crat'ks  in  the  skin,  and  that  this  eruption  was  characterized 
appearance  of  vesicles  similar  to  those  on  the  udders  of  tht 
As  early  as  1787  ho  appears  to  have  believed  that  cowpox  o 


J 


THE   RELATIONS  OF  OOWPOX,    HOR8EP0X,    AND  VACCINA  IN  MAN.     603 

in  tlie  contagion  of  grease  in  horses.     In  his  memoir  on  Jenner, 

Lorain  describes  most  clearly  the  result  of  all  these  observations, 
"  We  know, "  he  said,  "  the  date  of  the  first  vaccination  as  we  do  that 
of  a  great  battle;  it  M-as  May  14th,  1796.  On  that  day  Jenner  took 
vaccine  frf>m  the  hand  of  a  vounK  dairymaid,  Sarah  Nelwes  by 
name,  who  had  been  infected  by  her  master's  cow,  and  inserted  it 
throuKh  two  8ui>erficial  incisions  in  the  arm  of  James  Phipps,  a  large 
boy  of  eight  years.  This  succeeded  perfectly,  and  the  vaccine  from 
this  child  served  to  vaccinate  several  other  chUilron.  James  Phipps, 
inoculated  two  mouths  later  with  variola,  Mas  refractory.  The  proof 
was  made."  But  Jenner,  anxious  not  to  announce  as  a  fact  what 
migLt  be  refuted,  repeated  this  experiment  frequently  and  made 
others,  and  did  not  finally  publish  his  discovery  imtil  he  was  abso- 
lutely certain  that  there  was  no  possible  error  in  his  deductions. 

In  all  these  experiments  wo  Ihid  nothing  to  suggest  the  identitj'  of 
human  smaUpox  and  the  i)rotectivo  disease  in  animals,  with  the  belief 
in  which  J.  Giicriu  credits  Jenner.  Theoretically,  indeed,  Jenner 
thought  that  all  animals  are  subject  to  a  di.sease  which  is  a  form  of 
variola  peculiar  to  each  species.  For  example,  he  regarded  grease  aa 
an  e([uine  smallpox,  but  lie  did  not  conclude  from  that  that  all  these 
forms  of  variola  constitut'e  but  one  morl>id  entity,  diiferiug  among 
themselves  only  as  a  eonserjuence  of  the  difference  in  the  soil  in  which 
the  disease  develnjis.  He  held  that  nur  domestic  animals,  such  as 
liorses,  cows,  sheep,  swine,  dogs,  and  some  othei*s  are  subject  to  a  form 
of  eruptive  disesise.  Possibly  also  fowls  are  to  be  included  in  this  list, 
in  which  case  we  sliould  find  a  justification  for  the  name  of  chicken- 
]iox  applied  to  an  exanthem  afl'ectiug  man.  In  Bengal  chickens  suffer 
from  an  eruption  resembling  smallpox,  which  sometimes  prevails 
epidemically  and  kills  great  numbers.  In  order  to  arrest  the  progress 
of  this  disease  among  fowls  a  trial  lias  been  made  of  inoculation. 
The  natives  have  but  one  name,  ijoofn/,  for  smallpox  and  for  this  dis- 
ease in  fowls.  Jenner  believed  that  cowpox  is  not  a  disease  peculiar 
to  cows,  but  that  it  f)riginate8  in  the  horse,  is  carried  by  infection  to 
the  cow,  and  thence  tn  man. 

The  Relations  of  Cowpox,  Horsepox,  and  Vaccina  in 

Man. 

The  experiments  of  Jenner  and  the  doctrinal  views  based  upon 
them  have  served  as  points  of  departure  for  all  subsecjuent  works. 
We  have  just  said  that  Jenner  was  convinced  that  cowpox  originated 
in  the  horse  and  was  caiTied  from  horses  to  cows  by  the  stable  boys 
and  dairymaids.      He  called  the  disease  of  the  horse,  which   he 
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regarded  as  the  Bource  of  vaccina,  by  the  term  grease,  and  snbee- 
qoently  sore-heels.  The  French  translators  of  Jenner  committed 
the  error  of  giving  as  the  equivalent  of  this  indefinite  term  the  word 
javarf,  which  has  a  precise  meaning  very  different  from  that  attached 
to  the  term  sore-heels  by  Jenner.  This  error  had  a  great  ruflaence 
on  subsequent  experiments  in  France. 

The  arguments  which  Jenner  advanced  in  support  of  his  opinion 
were  the  following :  When  sore-heels  prevails  among  horses  the  cows 
in  the  neighborhood  have  cowpox ;  and  blacksmiths  and  stable  boys, 
who  are  brought  into  such  constant  contact  with  these  animals,  are 
most  commonly  refractory  to  inoculation  with  vaccina  or  variola. 
Jenner  tried  to  inoculate  heifers  with  the  virus  of  sore-heels,  but  his 
attempts  were  unsuccessful.  He  nevertheless  remained  no  less  con- 
vinced of  the  correctness  of  his  theory,  and  by  a  simple  anecdote 
he  demonstrated  the  mode  in  which  contagion  occurs,  liord  Asaph, 
he  said,  had  a  horse  affected  with  grease;  this  animal  was  shut  up 
in  an  isolated  stall  at  some  distance  from  the  stables,  but  in  spite  of 
this  precaution  all  the  cows  on  the  place  were  soon  attacked  with 
cowpox.  Such  an  interesting  fact  aroused  general  attention ;  an  in- 
vestigation was  undertaken  and  resulted  in  the  discovery  that  one  of 
the  grooms  who  had  the  care  of  the  sick  horse  was  in  the  habit  of 
helping  his  sweetheart,  a  dairymaid,  to  milk  the  cows,  and  he  had 
been  the  carrier  of  the  virus. 

Since  Jenner's  time  hundreds  have  made  experimental  inocula- 
tions of  the  grease.  In  some  of  these  experiments  cowpox  followed 
the  inoculation,  in  others  it  did  not.  Some  olraervers  obtained  vary- 
ing results  under  apparently  exactly  similar  conditions.  Thus  Cole- 
man, a  veterinary  surgeon,  was  led  bj'  his  early  experiences  to  reject 
Jenner's  theory,  but  was  led  to  reverse  hia  views  by  the  results  of  a 
second  series  of  experimeutH. 

The  question  was  in  this  undecided  state  in  France  when  there 
happened  what  has  been  called  the  Toulouse  occurrence,  an  account 
of  which  we  shall  borrow  from  the  rejiort  made  by  Bousquet  to  the 
Academie  de  Medocine.  There  suddenly  occurred  in  the  spring  ol 
1860  at  Rieumes,  near  Toulouse,  an  epizootic  among  the  horses ;  in 
less  tbau  three  weeks  more  than  three  hundred  animals  had  been 
attacked.  At  this  time,  it  may  be  noted,  smallpox  was  prevailii 
the  neighborhood.  A  veterinary  surgeon  at  Rieumes,  M.  Sar 
has  described  this  epizootic.  It  began  with  a  mild  fever,  and 
ing  this  local  symptoms  occurred,  chief  among  which  were  a  e 
of  the  leg  and  lameness ;  this  swelling  seemed  to  be  made 
mass  of  little  pustules.  This  was  the  first  stage,  which  1 
three  to  five  days,  and  was  followed  by  a  purulent 
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about  the  hoof.  This  lasted  eight  or  ten  days.  Finally  the  pustules 
dried  up,  leaving  well-marked  cicatrices.  There  were  also  single 
pustules  disseminated  over  the  body,  at  the  vulva,  on  the  lips,  and 
in  the  nostrils.  There  were  no  cases  of  cowpox  at  this  time  on  any 
of  the  farms  in  the  vicinity.  According  to  Sarraus,  of  these  hundred 
or  more  animals  only  three  mares  and  two  stallions  had  acquired  the 
disease  from  without,  the  rest  having  become  affected  through  con- 
tagioa.  The  contagion  took  place  at  the  stud  of  Sarraus,  where  the 
animals  were  tied  by  shackles  made  of  rope. 

This  is  the  description  given  of  the  epidemic;  the  following  ia 
that  of  the  experimental  and  truly  demonstrative  part  of  the  event. 
A  mare  belonging  to  M.  Corail  was  brought  to  the  veterinary  school 
at  Tonlouse.  The  eruption  which  it  presented  had  all  the  character- 
iatica  of  that  just  described.  On  April  25th,  M.  Lafosae,  clinical  pro- 
fessor at  the  veterinary  school,  inoculated  a  young  cow  with  matter 
taken  from  the  pustules  of  this  mare,  the  insertion  being  made  in  an 
incision  on  each  of  the  cow's  teats.  On  May  3d,  the  teats  were  cov- 
ered with  vesicles  which  were  diagnosed  by  all  the  profesors  of  the 
school  as  the  exanthem  of  cowpox.  Other  cows  were  inoculated,  and 
children  were  also  inoculated  with  this  cowpox.  Humanized  vaccine 
virus  was  inserted  into  one  arm  and  this  cowjjox  vinia  in  the  other  j 
the  results  showed  that  there  waa  no  difference  whatever  between  the 
two  forms  of  virus.  Now  what  was  this  epidemic?  According  to 
the  opinion  of  the  professors  at  the  veterinary  school  of  Toulouse  and 
that  of  Leblanc,  it  was  neither  grease  nor  eczema  of  the  feet,  and 
wliether  or  not  rt  wn.s  a  new  vaccinogenoua  disease  was  not 
determined. 

Bouley'  occupied  himself  with  this  question  and,  after  having 
reviewed  the  opinions  of  Jeuuer  and  others,  resolved  to  inoculate 
heifers  with  every  eruptive  disease  of  the  horse.  By  chance  the  first 
disease  of  the  horse  which  he  had  to  study  gave  rise  to  cowpox 
by  inoculation.  This  malady  was  diagnosed  by  him  as  aphthous 
stomatitis,  and  he  believed  that  this  experiment  added  to  that  of 
Toiilouse  proved  that  the  horse  is  vaccinogenous,  and  that  we  must 
add  a  new  malady  to  those  already  reputed  to  bo  generators  of  cow- 
pox,  such  as  grease  or  sore-heels  of  Jenuer,  javart  of  Sacco,  the  fu- 
runculous  disease  of  Hertwig,  and  the  pustulous  malady  of  Lafoase, 
Bouley  invited  his  colleagues  of  the  Academy  to  come  to  Alfort  to 
study  this  disease,  and  soon  the  question  entered  into  a  new  phase. 

Depaul  and  Bouley  seem  to  have  simultaneously  recognized  the 
true  character  of  this  new  malady.  It  is  not  an  aphthous  stomatitis, 
as  Bouley  at  first  supposed,  but  is  a  general  exanthematous  disease 
having  a  piistulous  eruption  covering  nearly  the  entire  body,  but 
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most  diatinctlT  localized  about  the  hoofs  and  in  the  month;  in  a 
word,  it  is  an  eruptive  disease  which  should  be  ranked  along  with 
smallpox  in  man,  and  which  is,  indeed,  according  to  Depaol,  identical 
with  it.  Booley  gave  it  the  name  of  hoisepox,  and  there  is  now  bo 
longer  any  qoestion  of  a  variety  of  different  dJHwmea  all  capaUe  of 
producing  cowpox;  there  is  but  one  vaccinogenons  eqnine  disease, 
but  this  disease  has  nnmeroos  localizations,  and  each  of  them  has  in 
snccessioD  been  regarded  as  alone  constitating  the  disease.  This 
disease  is  directly'  inocnlable  in  man,  as  was  once  shown  accidentollT 
in  the  case  of  one  of  the  students  at  Alfort,  and  once  intentionally  in 
the  case  of  a  child  vaccinated  by  Bouley. 

This  question  is  therefore  settled,  namely,  that  the  horse  is  sub- 
ject to  a  vaccinogenous  malady  which  is  horsei>ox.  This  disease 
wLf-n  transported  to  the  cow  gives  rise  to  cowpox,  and  when  traos- 
porte<l  to  man  protluces  vaccina. 

Are  there  any  other  vaccinogenous  diseases?  Formerly  foot-rot 
and  the  aphthous  disease  were  regarded  as  such.  Hurtrel  d'Arboval 
vaccinated  1,523  sheep,  and  in  1,340  the  operation  was  successful. 
Of  tlieso  420  were  exposed  to  foot-rot  and  308  were  attacked.  Thus 
vacpiiia  does  not  protect  sheep  from  foot-rot.  Sacco  claims  to  have 
|iro(lucf;d  foot-rot  in  man,  and  to  have  obtained  successful  vaccina- 
tiiju  from  tlifwe  cases ;  but  although  this  experiment  has  been  very 
frwiuontly  repeated  it  has  never  since  given  positive  results.  It  may 
1)0  aHHumed,  therefore,  that  foot-rot  Las  wrongly  been  included  among 
the  HourfeH  nf  vaccina.  We  shall  see  also  that  the  members  of  the 
Lyoua  committee  have  proved  incidentally  that  aphthous  fever  can- 
m  it  1h3  the  same  cliHease  as  cow^tox.  Indeed  animals  that  only  a  short 
tiiiu)  i>rf'vioHsly  were  affect<>d  with  ajihthous  fever  have  been  suoceBS- 
fiilly  viic<'iiiiit(^(1,  aud  have  had  a  very  typical  vaccinal  eruption,  thus 
alFordiiig  Bullji'iciit  jiroof  of  the  indeiiendence  of  these  two  affections. 
We  may  say,  therefore,  that  as  yet  we  know  of  but  one  disease  in 
niiiiiialH  which  can  give  rise  by  inoculation  to  cowpox,  and  that  disease 
is  litn'Hcpox. 

This  spontaneous  horsepox  differs  from  inoculated  horsepox,  as 
all  virulent  diweasea  when  occurring  spontaneously  differ  from  the 
same  diseases  wlien  produced  by  inoculation.     We  may  ask  what  is 
the  cause  of  this  dissimilarity  and  what  we  are  to  understand  t 
liy  tho  word  "sjioutauenus."     As  this  question  in  general  pati 
lijus  lieen  studied  especially  in  relation  to  horsepox,  we  may  » 
discuss  it  here. 

Can  horaepox  arise  spontaneously,  or  must  we  maintain 
is  always  coutjigiou,  the  transpr  *  anvnc 

tho  disease  where  it  hapijoua 
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doctrine  of  spontaiieous  generation  of  virus  invoke  a  rather  strong 
argument  in  support  of  their  theory.  ^"Leu  a  horse  or  other  animal 
is  inoculated  with  hoi-HejMx  the  eruption  is  produced  at  the  point 
wliere  the  inoculatiou  lias  been  made,  and  it  does  not  become  gen- 
eralized except  in  some  rare  instances,  the  explanation  of  which  will 
be  given  later.  In  natural,  spontaneous  horsepox,  which  has  oc- 
curred without  inoculatiou,  there  is  not  a  local  eruption,  Imt  rather 
a  general,  or,  better,  a  generalized  eruption,  that  is  to  say,  one  occur- 
ring ou  the  mouth,  nose,  hoofs,  etc.  This  is,  they  say,  a  difference 
which  proves  that  we  have  to  do  with  two  diseases  with  distinct 
evolutions;  and  we  must  admit  that  one  arises  spontaneously,  under 
the  influence  of  indindual,  as  yet  unkuown  conditions,  and  that  the 
other  is  the  simple  re.sult  of  inoculation. 

Chauveau  has,  however,  taken  away  this  argument  from  the  par- 
tisans of  the  spontaneous  origin  of  the  virus.  In  the  case  of  a  horse 
he  exposed  a  lymphatic  and  injected  some  vaccine  vims  into  the 
vessel.  The  result  of  this  was  an  eruption  precisely  similar  to  that 
of  spontaneous  horsepox.  This  emjition,  which  I  cannot  stop  to 
describe  here,  occupies  exactly  the  same  seat  as  that  of  tlie  spon- 
taneous disease;  it  is  generalized,  and  produces  no  local  lesion  of 
vaccinal  nature  at  the  point  of  inoculation.  Precisely  the  same  result 
was  obtained  when  Chauveau  iujectcd  vaccine  into  the  jugular  vein 
or  into  the  subcutaneous  ceUular  tissue,  or  even  when  he  caused  the 
animal  to  swallow  food  imi)reguatcd  with  vaccine  virus.  From  this 
he  concludes  that  the  penetration  into  tJio  economy  of  vaccine  virus 
by  any  channel  other  than  the  skin  will  give  rise  to  an  erujition  iden- 
tical with  that  of  ajiontaueous  horscjiox.  We  can  therefore  invoke  no 
special  form  of  tlie  eruittion  in  proof  of  the  theory  of  the  spontaneous 
origin  of  the  vii-us. 

How  does  it  happen  that,  by  cutaneous  inoculation,  in  the  great 
majority  of  cases  we  obtain  oidy  a  local  eruptifin?  AVe  may  conceive 
that  tlie  skin  being  the  actual  seat  of  election  of  the  manifestations  of 
the  disease,  there  occurs  from  the  beginning  at  the  injured  point  a 
process  capable  of  exhausting  the  sum  of  all  the  possible  manifesta- 
tions of  the  affection,  but  this  is  pure  hypothesis.  On  the  other 
hand  we  may  easily  explain  the  rare  cases  in  which  a  general  erup- 
tion has  been  seen  to  follow  cutaneous  inoculation  with  the  virus,  by 
assuming  that  there  has  been  an  accidental  insertion  of  some  of  the 
vaccine  into  a  lymphatic  vessel. 

We  know  then  to-day  that  horsepox  is  a  source  of  vaccina,  and 
that  the  contagion  of  horsepox  in  horses  may  occasion  that  form  of 
the  affection  which  has  been  described  under  the  name  of  siMntaneoua 
DiseX^x. 
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The  Non-Identity  of  Variola  and  Vaccina. 

Daring  this  discussion  another  question  has  arisen.  For  a  long 
time  authors  believed  that  cowpox,  grease,  and  variola  had  but  one 
common  origin  and  that  the  vims  was  the  same  in  each  disease. 
Thiele  and  Ceely,  not  being  able  to  procure  vaccine  matter,  inocu- 
lated a  cow  with  virus  taken  from  a  man  suffering  from  smallpox  and 
transmitted  to  successive  generations  the  product  of  this  inoculation. 
Was  the  disease  so  produced  vaccina,  or  did  these  experimentere 
simply  return  to  the  old  practice  of  variolous  inoculation? 

Depaid,'  who  had  had  the  opportunity  to  study  at  Alfort  the 
vaccinogenous  aflfection  discovered  by  Bouley,  regarded  it  as  small- 
pox in  the  horse,  and  did  not  hesitate  to  Eiffirm  before  the  Academie 
de  Medecine  that  (1)  there  is  no  vaccine  virus;  (2)  the  alleged  vaccine 
virus  which  is  regarded  as  antagonistic  to  the  variolous  viroa  is  noth- 
ing elae  than  variolous  virus  itself ;  ^3)  the  bovine  and  equine  speciee 
are  subject  to  an  eruptive  disease  which  is  identical,  as  regards  its 
nature,  with  smallpox  in  man.  According  to  Depaul,  therefore, 
horsepox,  cowpox,  vaccina,  and  variola  are  identical  aflFections,  all 
having  smallpox  as  their  common  source.  He  believes  that  it  is  one 
and  the  same  disease  which  changes  its  form,  develops  completely  or 
incompletely,  accortling  as  it  affects  one  or  the  other  animal.  The 
virus  of  one  form  of  the  disease  may  transform  itself  into  that  of 
another  when  transferred  to  the  soil  proper  to  this  last. 

Some  I  if  the  academicians  were  as  much  astonished  by  this  propo- 
sition as  horticulturists  would  be  surprised  were  some  one  to  tell  them 
that  seeds  taken  from  the  same  frnit  would  produce  different  fruits 
if  i)laut.cd  in  different  soils.  Bouley  in  \'ain  called  for  inoculation  ei- 
lioriraeiiis  wliicli  might  demonstrate  the  actual  facts.  Depaul  did  not 
give  the  proof,  and  the  diacuasion  was  closed.  The  academicians 
ranged  themselves  into  two  nearly  equal  camps,  and  between  the  two 
was  J.  Guerin  with  his  theorj'  of  hybridization,  the  cowpox  hmnac- 
iziuK  itself  in  man  aDd  erjuinizing  itself  in  the  horse. 

This  question  is  to-day  settled,  and,  Uke  all  those  which  we  have 
thus  far  studied,  it  has  been  settled  by  experiment.     Chauveau,  of 
Lyons,  with  some  of  his  colleagues  of  the  Lyons  Medical  *""    '  ' 
Vieunois,  Mcyuot,  Delore,  Lortet,  and  others,  instituted  80» 
iiients  which  apijciir  to  us  to  leave  absolutely  no  doubt ." 
identity  of  variola  and  vaccina.     The  members  <■ ' 
mittoe  commenced  their  researches  wit*" 
Chauvoau  admits,  that  Depaul's  opinii 
existing  conditions  were  excellent  for  tj 
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cina  and  variola  in  the  bovine  species.  Two  large  dairies  were  placed 
at  the  di8])08al  of  the  committee,  one  by  Loeiiillet,  directtar  of  tlie 
school  of  Saulsaie,  wliere  there  were  one  hundred  and  sixty  heatl  of 
cattle,  and  the  other  by  Cabet,  in  the  park  of  the  Tete  d'Or,  in  which 
there  were  about  one  humlred  auimala.  In  the  two  establishments 
most  of  the  animals  were  native  and  aU  the  conditions  of  health 
from  the  time  of  their  birth  were  known,  and  the  exxjerimenters  could 
be  sure  of  having  to  do  only  with  animub  which  had  not  previously 
had  cowpox,  which  would  naturally  have  vitiated  the  results  of  the 
experiments.  This  disease  hail  never  occurred  at  Saulsaie,  while  at 
T^te  d'Or  there  had  a  short  time  previouwly  been  an  epidemic  of 
aphthous  fever,  so  that  the  opportunity  presented  itself  incidentally 
of  determining  the  non-vaccinal  nature  of  this  disease,  to  which  we 
have  referred  above. 

Some  animal  vaccine,  cowpox,  for  the  experiments,  was  furnished 
by  Palasciauo,  of  Naples,  and  Lanoix,  of  Paris,  In  the  first  series, 
thirty  beasts,  selected  witliout  distinction  of  sex  or  age,  were  inocu- 
lated, and  in  aU  of  them  without  exception  a  beautifid  vaixine  erup- 
tion was  obtained.  In  all  the  cases  the  eruption  remained  strictly 
localized.  In  a  second  aeries,  about  twenty  animals  were  inoculated 
with  humanized  vaccine,  vaccine  recently  engrafted  on  man,  or  old 
Jennerian  vaccine.  The  success  was  almost  as  complete  as  in  the 
first  aeries,  failure  to  take  occurring  in  only  one  case  in  which  the 
vaccine  was  collected  a  little  too  late.  The  Lyonnaise  Committee 
succeeded  therefore  as  well  aa  did  Bousquet  in  the  attemjjt  to  inocu- 
late animals  of  the  bovine  race  with  humanized  vaccine;  it  was  even 
more  successful,  for  results  were  obtjiiuod  in  the  case  of  old  animals 
aa  weU  aa  in  that  of  calvea,  and  with  old  Jenueriau  vaccine  aa  well  as 
with  vaccine  recently  implanted  in  the  human  species.  Furthermore, 
the  cowpox  so  produced  was  aa  typical  (as  shown  by  the  plates 
inserted  in  the  committee's  report)  aa  tnie  cowpox;  and  thia  cowpox 
derived  from  humanized  vaccine  could  be  transmitted  to  humiin 
beings  and  cowa  for  several  generations  without  being  changed.  In 
the  abaence  of  any  true  cowi^ox  vaccine,  Chauveau,  Vieunois,  Meynet, 
and  othera  often  made  uae  of  this  artificial  cowpox  in  the  vaccination 
of  children,  and  the  eruption  produced  thereby  was  as  typical  as  that 
following  inoculation  of  genuine  cowpox.  These  two  series  of  experi- 
ments gave  jierfectly  distinct  and  unmistakable  results,  and' prove 
clearly  the  identity  of  cowpox  and  of  vaccina  cultivated  in  the  human 
species. 

't  us  see  now  whether  inoculations  with  true  smallpox  virus  gave 
reeolts.  Seventeen  young  animals,  heifers  and  bullocks, 
18  of  the  preceding,  were  inoculated  with  the  virus  of  small- 
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in  detail,  for  they  were  conducted  under  the  same  conditions  and  with 
the  same  precautions,  and  gave  preciseU'  the  same  results. 

We  may  admit  with  the  committee  of  Lyons  that  humau  smallpox 
can  be  ti-ausmitted  to  animals  of  the  bovine  and  etiuine  races  with  the 
same  certitude  as  vaccina,  but  the  eCFects  produced  by  the  inoculation 
of  the  two  forms  of  virus  differ  totally.  In  cows  variola  inoculations 
produce  simply  an  eruption  of  papules  so  minute  that  they  miglit 
easily  l>e  overlooked  if  one  were  not  on  the  wiitch  for  thom;  vaccina 
inoculations,  on  the  other  haud,  give  rise  to  a  typical  vaccinal  erup- 
tion with  its  large  and  very  characteristic  vesicles.  In  the  horse, 
smallpox  inoculations  also  produce  a  papular  eruptiou  unaccom- 
panied by  secretion  or  scabbing.  Although  this  erujitiou  is  much 
larger  thau  tliat  of  variola  in  the  cow,  it  can  nevertheless  not  be 
confounded  with  horaefiox,  the  lesions  of  which  are  so  remarkable 
by  reason  of  the  abundance  of  secretion  aud  the  thickuesa  of  the 
crusts. 

Either  vaccine  or  \ariola,  when  inoculated  separately,  gener- 
ally confers  immunity  against  a  subsei|uent  visitation  of  either 
disease. 

When  cultivated  methotlicaUy  in  these  animals,  that  is  to  say, 
transmitted  from  heifer  to  lieifer  or  horse  to  horse,  the  lesions  of 
variola  never  approach  those  of  vaccina.  Tlie  smallpox  remains  con- 
stantly what  it  wa.s  origiunlly  or  else  it  tends  to  die  out  entirely,  and 
if  it  is  transplanted  again  to  man  it  produces  variola.  Taken  again 
from  man  and  inoculated  into  the  cow  or  the  horse,  it  does  not,  any 
more  than  before,  cause  cow])ox  or  lioi-sepox. 

Thus  we  see  that,  despite  the  evident  relation  between  variola  and 
vaccina,  in  both  the  humau  and  the  bovine  or  equiue  races,  these  two 
affections  are  nevertlieless  perfectly  distinct  and  independent  one  of 
the  other  in  their  essence  and  cannot  be  transformed  one  iuto  the 
other.  Consequently,  in  vaccinating  according  to  the  method  of  Thiele 
or  Ceely,  we  practise  the  ancient  smallpox  inocuhiticm,  ])os8ibly 
rendered  more  cerbun]\-  and  constantly  benign  b\'  the  precaution 
which  is  taken  of  inocxilating  with  the  lymi>h  of  the  primary  le8i<m 
only,  Init  which  has  most  certainly  retained  all  its  dangers  to  the 
community  as  regards  contagion. 

That  which  seems  to  me  to  lie  the  new  and  essential  portion  of  this 
Lyons  report,  and  wliich  constitutes  its  superiority  over  accounts  of 
previous  experiments,  is  that  the  inenibere  of  the  committee  were  not 
content  with  inoculating  from  man  to  tlie  cow  or  from  the  cow  to  man, 
but  the  circle  was  completed  by  studying  the  effects  of  the  culture  of 
the  virus  of  these  two  diseases,  carried  from  man  to  the  cow  and  then 
back  again  from  the  cow  to  man.     The  chain  was  thus  completely  re- 
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established,  and  we  see  tihat  after  the  conclusion  of  these  experime 
each  vii-os  had  preserved  its  own  specificity,  its  individoality,  wh 
ever  may  have  been  the  soil  in  which  it  was  cnltirated. 

The  question  would  seem  to  have  been  settled,  bat  it  haa  be 
again  agitated  in  recent  years.  Those  who  have  maintained  the  on 
of  variola  and  vaccina  have  claimed  that,  contrary  to  the  oonclnsic 
of  Chanvean,  the  inocnlation  of  smallpox  vims  into  the  bovidie  oo 
sions  sometimes  an  eruption  of  ephemeral  papules  and  sometimes  c 
of  pustules  which  they  say  constitute  the  source  of  varioloTaccii 
These  last-named  lesions  do  not  appear,  they  claim,  in  the  fooi 
generation,  as  Ghauveau  said,  but  are  reproduced  indefinitely.  ' 
obtain  these  results  it  would  be  necessary  to  collect  the  variolo 
lymph  at  the  moment  of  eruption  (Voigt,  1881;  Fischer,  1886), 
inoculate  not  only  the  fluid  portion  but  also  a  part  of  the  snbstai 
of  the  pustule,  and  to  make  the  inoculations  not  by  a  simple  poneti 
but  by  incision  and  scarifications.  Etemod  and  Haccins  (Gene^ 
1890)  are  said  to  have  obtained  the  same  results  by  denuding  i 
derma  and  spreading  on  this  surface  a  pulp  made  from  the  ent 
pustule.  By  practising  these  inoculations  on  young  calves  or 
cows  that  had  recently  calved,  variolovaccinal  pustules  were  obtain 
which  became  more  and  more  distinct  after  several  generatioi 
These  exi>eriments  were  repeated  by  Chauveau,  who  obtained  var 
Ions  pustules  by  inoculations  of  the  variolovaccine  of  Etemod  a 
Haccins  into  two  cows. 

Pouniuier  and  Ducamp  remark  that  contamination  of  the  pui 
turen  with  vaccine  was  not  imixissible,  for  "ascitis  was  practi:^ 
before  and  during  the  operation,  but  none  after  it."  Voij^t  hinu«' 
stated  iu  a  letter  to  Dupuy  (Surmont ')  that  he  had  obtaineil  varioi 
vaccina  in  only  one  case  out  of  ten  attempts.  Juliel-Renoy '  a: 
Dupuj','  repeating  the  exi)eriment8  of  the  uuicisis,  were  unable 
obtain  tlie  same  results,  and  they  declare  themselves  as  convinced 
the  duality  of  the  two  forms  of  >nmH.  I  may  add  that  i>erH(>nall 
having  witnoHHtnl  a  great  number  of  these  experiments,  I  am  pe 
suaded  of  tlie  duality  of  tlie  affections. 

The  Active  Elements  of  Vaccine  Virus. 

The  virulent  fluid  fumi8he<l  by  tlie  vaccine  vesicle  is  a  comph 
product,  aujilogous  in  its  composition  to  all  the  non-siiecific  path< 
logical  seroits  fluids.  Chemical  and  microscopical  examinatioi 
reveal  the  presence  of  no  siHJcial  elements  to  which  we  can  attribul 
the  i>eculiur  activity  of  tlie  vaccine.  This  activity  necessarily  reside 
in  the  elements  which  go  to  make  up  the  vaccinal  fluid,  but  the  quo 
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tion  to  be  decided  is  wliether  it  resides  in  nil  these  elements  i»r 
whether  it  is  confined  to  certjiin  among  tliein. 

Chauveuu  tried  in  solve  this  (juestiou  hy  examining  separately  all 
the  different  parts  of  the  vaccine.  In  order  to  study  the  speciul 
activity  of  vaccine  lymph  it  was  necpflsary  to  obtain  tlie  flnid  entirely 
deprived  of  ita  solid  cimstitneuts,  and  this  was  a  very  difficult  matter. 
By  filtration  and  deeantation  it  was  jiossible  to  remove  the  leucocytes 
from  the  plasma,  but  this  fluid  still  retained  granules,  the  most 
numerous  of  the  solid  elements.  Chauvean  found  that  the  fluid 
remained  just  as  virulent  when  it  was  deprived  by  deeantation  of  its 
leucocytes.  He  mixed  the  vaccine  matter  with  ten  times  itw  weight 
of  water  in  order  to  diminish  its  density  and  viscosity,  without  alter- 
ing sensibly  its  specific  activity.  This  diluted  fluid  was  allowed  to 
rest  in  a  test-tulw  for  twenty-four  hours,  at  the  end  of  which  time  it 
was  found  that  nearly,  if  nut  fjuite  all  of  its  leucocytes  had  been  de- 
posited at  the  bottom  of  the  vessel.  The  su]>erticial  layer  was  then 
aspirated  off  with  a  pipette,  and  was  examined  under  the  microscope 
to  make  certjiin  that  it  contained  no  leucocytes.  If  it  was  found  to  be 
entirely  free  from  these  elementH  it  was  employed  for  cutaneous 
inoculation,  and  it  was  found  to  give  rise  to  the  formation  of  vfu'ciual 
vesicles.  Thus  it  was  shown  that  the  leucocytes  do  not  contain  the 
specific  jirinciple  of  the  vaccine. 

Chauveau  was  also  able  to  dc]  rive  the  fluid  of  all  its  granular 
elements  by  means  of  diti'usion.  Some  vaccinal  serum  was  caiTied 
down  to  the  bottom  of  a  very  small  tefit-tul>e,  care  being  taken  that 
none  of  it  touched  the  sides  of  the  vessel  above  the  level  which  the 
fluid  reached  when  resting  in  the  tube.  Then  a  layer  of  distilled 
water  was  abided,  every  prei^autiim  being  tjikeu  not  to  |)roduce  any 
current  capable  of  determining  mechanically  a  mixture  of  the  two 
fluids.  There  was  then  in  the  test-tube  a  liquid  column  formed  of 
two  layers  of  different  density  and  composition:  an  upper  one  con- 
sisting of  ])ure  water,  and  a  lower  one  of  vaccine  matter  containing 
with  the  solid  elements  of  the  hitter  all  the  dissolved  substances 
which  enter  into  the  composition  of  the  vaccinal  fluid.  The  test-tube 
was  left*in  a  room  with  even  temperature,  and  the  fluid  was  jirotected 
from  evaporatiim  ami  from  anything  that  could  in  any  way  disturV)  it. 
The  leucocytes  and  granular  particles  remained  in  the  lower  layer  of 
flnid,  but  the  dissolved  albuminous  and  saline  niattei-s  jmssed  by 
into  the  atjueous  hiyer,  some  rajiidly  and  <jthers  more 
their  respective  diffusibility.  After  the  lai^se  of 
e  thorough  difl'usion  of  the  soluble  coustit- 
h  the  u])i»er  layer,  the  fluid  was  drawn  up 
nto  capillary  tul>es,  so  that  thefii'st  tulies 
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contained  all  the  eoluble  elements  of  the  vaociue  virus,  and  tlie  second 
set  contained  these  substances  plus  the  granulas  and  suspended  cor- 
puscles, that  is  to  say  the  entire  vaccine  in  more  or  less  dilated 
form. 

Chauveau  made  a  series  of  comparative  experiments  by  inoculat- 
inf^  childen,  heifers,  and  young  horses  with  these  two  fluids.  The 
inoculations  made  with  the  lower  layer,  that  is  to  say,  with  the  entire 
vaccine,  were  as  successful  as  those  made  with  pure  vaccine  vims;  the 
others,  made  with  the  dilute  plasma  containing  no  corpuscular  ele- 
ments, failed  in  every  instance.  A  chemical  examination  of  this 
upper  layer  showed  that  it  contained  a  great  quantity  of  albumin,  so 
that  neither  the  absence  of  this  fundamental  substance  nor  the  great 
dilution  could  be  invoked  to  account  for  the  inactivity  of  this  fluid. 
The  conclusion  derived  from  these  experiments  is,  therefore,  that  the 
fluid  portion  of  the  vaccine  is  not  virulent  and  that  the  activity  resides 
in  the  figured  elements. 

Some  objections  might  be  urged  against  the  conclusiveness  of 
these  experiments.  Thus  it  might  be  assumed  that  the  virulent  prin- 
ciple resided  in  the  plasma,  but  that  it  was  not  so  readily  diffusible  as 
were  the  albumin  and  the  salts.  Against  this  objection  Chauveau  urged 
that,  if  this  hyimthesis  were  true,  an  extremely  diluted  vaccine,  being 
homogeneous,  should  always  give  the  same  results,  the  inoculations 
beiug  always  successful  or  always  unsuccessful.  On  the  other  hand, 
if  the  virulent  principle  resides  in  the  granulations,  upon  diluting 
the  vaccine  with  a  large  mount  of  water,  we  ought  to  obtain  now 
positive  and  now  negative  results,  according  as  the  lancet  took  up  by 
cluiuce  a  greater  or  a  smaller  number  of  the  specific  granulations. 
Now,  inoculations  maile  with  vaccine  diluted  with  twelve  to  fifteen 
times  its  weight  of  water  are  almost  always  successful;  those  with 
vacciue  diluted  with  fifty  times  its  weight  of  water  are  most  frequently 
unsuccessful,  although  Chauveau  obtained  one  success  in  every  ten 
trials  with  vacciue  diluted  with  one  hundred  and  fifty  times  its  weight 
of  water.  With  dilutions  between  the  two  extremes  of  twelve  and 
fifty  the  vaccination  sometimes  takes  and  sometimes  fails,  the  failures 
beiug  morp  iiumemus  as  the  dilutions  are  weaker. 

Still  auuther  exjjeriment  in  8U[)port  of  this  view  was  made  by 
Ciiauveau.  We  have  juat  seen  that  very  dilute  vaccine  introduc  '  • 
the  point  of  a  lancet  jjroduces  positive  results  only  exceptions 
the  reason  for  tliis  is  that  the  virulent  granulations  are  s 
separated  in  the  dilute  vaccine  that  they  are  only  occasi 
u]»  on  the  lancet,  then  inoculation  with  a  large  quan* 
vacciue  ought  to  succeed  in  every  instance;  and 
haitpeus.     As  a  result  of  the  experimeute 


TEE  NORMAL  YACX^NAL  EBUPTION.  515 

ChauTeau  concladed  that  the  active  principle  of  vaccine  resides  in  the 
fignred  elements  and  not  in  the  plasma. 

This  was  the  state  of  the  question  in  1867,  and  later  researches 
have  confirmed  the  results  of  these  beautiful  experiments.  Unfortu- 
nately, however,  we  have  not  yet  arrived  at  a  certainty  as  to  the 
nature  of  these  virulent  elements.  Keber  in  1868  agreed  with  Chau- 
veau  that  the  fine  granulations  contained  in  the  vaccine  lymph  were 
the  active  elements.  Straus,  Ghambon,  and  Saint- Yves  Menard' 
made  experimente  with  the  fluid  obtained  by  passing  vaccine  under 
pressure  through  a  plaster  filter  and  found  that  it  was  non-virulent, 
thus  confirming  the  previous  experiments  of  Chauveau. 

Pasteur,  Koch,  Straus,  and  others  have  endeavored  without  suc- 
cess to  isolate  the  microbe  of  vaccine.  Quist,  of  Helsingfors,  Voigt, 
and  Buttersack  claimed  to  have  discovered  the  specific  agent,  but 
many  other  experimenters  have  failed  to  confirm  their  supposed 
discovery,  stating  that  the  microbes  found  were  those  of  secondary 
infection  and  were  not  the  pathogenic  organisms  of  vaccina. 

The  accidental  microbes  found  in  vaccine  lymph  are,  indeed,  very 
numerous.  Among  them  are  the  bacillus  subtilis  (Vaillard  and 
Antony),  the  bacterium  termo,  the  proteus  vulgaris,  a  saccharomycete 
(Pfeiffer),  and  a  micrococcus  (Vaillard  and  Antony).  The  latter  was 
found  fifteen  times  out  of  twenty  examinations,  and  was  sometimes 
the  only  one  found  in  fresh  lymph  from  the  heifer.  In  addition  to 
these  we  may  mention  also,  and  especially  because  of  the  dangers 
arising  from  their  presence  and  the  consequent  necessity  of  precau- 
tions in  the  preparation  of  vaccine  lymph,  the  microbes  of  suppura- 
tion, the  staphylococcus  pyogenes  aureus,  and  the  staphylococcus 
albus  (Straus,  Chambon,  and  Saint-Yves  Menard). 

Although  it  is  still  doubtful  whether  the  active  agent  of  vaccine 
haa  been  discovered,  we  nevertheless  know  some  of  its  characteristics. 
For  example,  it  resists  the  action  of  cold  very  well,  but  it  loses  its 
virulent  properties  at  a  temperature  of  about  50°  C.  (122°  F.). 

The  Normal  Vaccinal  Eruption. 

The  eruption  such  as  it  was  described  by  Jenner  has  not  varied 
at  all,  whatever  have  been  the  modifications  in  the  methods  of  inocu- 
lation or  in  the  source  of  the  vaccine. 

The  type  which  we  shall  choose  for  our  description  is  that  fur- 
nished by  a  child  who  has  not  previously  been  vaccinated  and  who 
has  been  subjected  to  no  influences  which  might  alter  its  condition 
of  receptivity.  The  eruption  may  be  divided  as  regards  its  course 
into  five  periods: 


9l6  BBOCABDEL— VACCINA. 

1.  PerirA  of  Incubation. — This  stage  lasts  three  dayn.  The  poi 
where  insertion  of  the  virus  was  made  are  osoally  the  seat  uf  a  slii 
redness  for  a  few  hoars ;  this  disappears  ordinarily  to  reappear  a^ 
toward  the  end  of  the  thinl  ihiv.  Sometimes  the  Kkin  reuiaiu 
little  swollen  at  the  ]>oint  of  inoculation,  the  lesions  resembliu^ 
insect  bite.  According  to  Hervieux,  this  jieriod  lasts  but  two  d 
and  not  three. 

2.  Ferifnl  of'  Eruption. — During  this  stage,  occupying  the  fou 
and  fifth  days,  there  is  seen  a  little  redilish  elevation  couRtitutin 
true  impnle.  By  the  fifth  day  tlie  epidermis  becomes  raised,  form 
a  whitish  or  bluish  rircle,  iu  the  centre  of  which  there  is  a  su 
rounded  de)>resHic>u  calleil  the  umbilicatiou. 

3.  Peritnl  of  Sfnvtion. — This  occui)ieH  the  sixth,  seventh,  eigh 
and  ninth  days.  Towards  the  end  of  the  fifth  or  iu  the  sixth  i: 
the  pH]mIe  enlarges  and  there  is  formed  a  dattencnl  uiubiliciii 
vesicle,  surrounded  by  a  liluish,  sometimes  silvery  lyinphngfui 
z<}ue.  The  vesicle  forms  a  very  distinct  projection  above  the  s 
rrmuding  surface  of  the  skin.  Towards  the  seventh  day  the  der: 
can  Ite  felt  I^eueath  as  a  nearly  always  indurated  platpie.  On  t 
eighth  and  ninth  days  the  va<-cinal  sore  attains  its  hei^jrht— I 
matured.  The  contents  of  the  vesicle  then  become  turbid  and  \ 
lesion  resembles  a  pustule  of  rounded  shajie,  projecting  at  the  siil 
and  flattened  at  its  centre.  Its  diameter  varies  from  0  to  12  nun. 
to  1  in.)  Th»»  iuriainniatory  arcdla  increases  in  size,  and  tin*  >-. 
jucciit  (leriiia  is  distinctly  induratt-d.  If  the  wall  of  the  vi-sirl. 
punctun'd,  a  littif  sticky  serous  fluid  esiapes  drop  by  (lroj>  diiri 
ci^lit  or  ten  niinntt's.  but  tlie  lesion  does  not  flatt<^u  <b)\vu.  Ti 
li<|uiil  is  the  vaccine  lyniiili  whicli,  colK'cted  at  tliis  time,  is  t. . 
employed  fur  subsequent  vai'cinations.  liy  the  ninth  day  tlii.s  Ivm 
is  MO  Inn^er  transparent,  but  iM'coiues  oj)alesceut,  this  l»ein^r  the  ■ 
calleil  sta^e  of  supimration  or  purulent  tran.sformationof  tli«*  v.-ic«-i! 
sore  (Layet ').  The  skin  is  n>>w  less  swollen,  the  umbilifiition  d 
appears,  tlie  inflaniniatory  zone  becomes  less  promnineed.  but  i 
lym]>liatic  ^an^lia  in  ilie  nei^liborliood  sometimes  Imh'oiiu*  swi.Ii 
and  ]>ainful  at  this  time. 

4.  /'  ;■/'"/  ';/■  llisiri-iitiiiii.-  -Tills  sta^e  <Hru])ies  the  tenth,  eb-veni 
twelfth,  thirteenth,  fourteenth,  and  tifteentli  days.  The  intlaniiiiati 
phenomena  siilisidc,  the  ]>eriphery  of  the  sore  is  no  longer  projiH-tii 
till"  epidermic  covering  the  ]iustide  b-conies  wrinkled,  Ary,  brov 
then  blackish,  and  about  the  thirteenth  day  the  scab  iM^^ins  to  for 
be^innin^  in  the  centre  and  ^radnally  covering  the  entire  pustule. 

•">.  /'(;■/<«</  ../'  ('iiiilii'-'itiiiii.  This  stagi"  occuj»ies  from  tli«>  (-if. 
teciitli  to  the  twenty -se<-ond  da\ .     The  scab  dries  and  contracts  nii 
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and  more,  and  falls  off  on  the  twenty-third  day  (Chambon,  Saint-Yves 
Menard),  the  twenty-fifth  or  twenty-sixth  day  (Layet),  or  in  the  third 
or  fourth  week  (d'Espine.)  There  is  left  a  scar,  goffered  in  appear- 
ance, at  first  reddish  and  later  of  an  absolutely  characteristic  pearly 
white  color,  which  remains  almost  indelible. 

Vaccinal  Fever. — The  vaccinal  fever  appears  to  be  less  intense  in 
children  vaccinated  during  the  first  year  of  life  than  in  adults  who 
have  been  vaccinated  for  the  first  time.    It  is  often  absent  entirely 
in  cases  of  revaccination.     It  has  been  studied  by  v.  Jaksch,"  Erich- 
Peiperj^and  Sobotka."    The  temperature  rises  usually  toward  the 
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fourth  or  fifth  day,  sometimes  not  until  the  sixth  or  seventh  day,  and 
continues  two,  three,  or  four  days.  The  maximum  temperature, 
which  is  commonly  reached  on  the  eighth  day,  is  usually  about  39° 
€.  (102.2°  F.),  occasionally  40°  C.  (104°  F.).  ' 

This  is  the  usual  course  of  the  temperature  when  the  vaccination 
has  been  done  with  the  ordinary  precautions,  that  is  to  say,  after  the 
skin  of  the  child  has  been  washed  with  some  antiseptic  solution  and 
when  the  puncture  has  been  made  witli  a  lancet  or  a  needle  previously 
sterilized  in  a  flame.  When  these  precautions  have  not  been  taken, 
the  fever  may  be  more  intense  and  may  then  be  accompanied  by  other 
symptoms,  to  which  we  shall  return  later. 

When  the  fever  is  not  caused  by  secondary  complicatious,  the 
mitrition  is  usually  not  noticeably  interfered  with,  and  there  occurs 
■»o  notable  depression  in  the  gradually  increasing  weight  of  the  child. 
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Sometimes  diarrhoea  occurs.  L.  Perl "  has  reported  a  uuiqae  case 
in  which  the  cbiUl,  two  and  a  half  years  of  age,  had  albaminiiria  from 
the  fifth  to  the  eleventh  day  following  the  vaccination. 

Vaccinal  Receptivity. 

.  When  the  inoculation  is  made  with  a  good  viros  and  in  Bufficieut 
quantity,  and  when  the  patient  has  not  been  previously  vacciuate^l  nor 
has  had  Bmallpox,  the  vactination  almost  always  takes.     According 

to  d'Espine"  vaccinal  imnmnity o  say,  insnsceptibility  te 

the  action  of  the  vaccine  virus,  is  i  iu  less  than  one  per  cent, 

of  all  cases.     Almost  everybody,  i  is  susceptible  to  vaccina. 

This  receptivity  exists  in  children  bom  at  the  seventh  or  eighth 
month  and  it  is  found  in  old  age.  If  we  take  the  ordinary  statistics, 
which  are  difficult,  however,  to  obtain  with  soffijcient  precision,  it 
would  appear  that  vaccinal  receptivity  is  greater  than  that  of  small- 
pox, immunity  to  variolous  inoculation  being  said  to  be  found  in 
about  two  per  cent,  of  all  cases.  But  we  must  eliminate  thc»e  eaues- 
in  which  there  has  been  a  previous  varioloid,  in  which  the  mother 
had  variola  during  her  pregnancy,  etc.  If  we  did  so  it  would  prob- 
ably be  found  that  the  ligures  of  one  or  two  jjer  cent,  were  too  high. 

Vaccinal  Immunity. 

We  have  now  to  consider  how  long  a  time  elapses  after  vaccination 
before  immunity  against  smallpox  is  acquired,  and  how  long  this  ac- 
(juired  immunity  lasts.  Jenner  proved  the  reality  of  the  immuniza- 
tion by  submitting  young  James  Phipps  to  the  test  of  smallpox 
inoculation  two  months  after  having  been  vaccinated ;  it  was  found 
that  he  was  refractory  to  the  variolous  poison.  But  how  soon  after 
vaccination  does  this  immunity  appear?  Bryce,  the  Bousqaet  vac- 
cine commission,  Vetter,  and  Trousseau  have  determined  this  very 
exactly.  They  made  fresh  inociilations  every  day  after  the  primary 
vaccination,  and  found  that  immunization  was  definite  by  the  tenth 
day.  Up  to  that  time  pustules  developed  at  the  seat  of  the  ijuncture, 
but  these  later  lesions,  said  Trousseau,  did  not  reach  the  size  of  the 
first,  those  being  less  typical  which  were  the  result  of  the  later  vac- 
cinations. Thus  those  of  the  ninth  and  tenth  days  aborted  soon  after 
.showing  a  slight  degree  of  inflammation,  while  after  the  tenth  day 
there  was  no  specific  reaction. 

Ten  days  after  vaccination,  therefore,  the  subject  has  acquired  im- 
munity to  vaccina,  but  we  have  yet  to  see  how  the  case  stands  in 
Wgard  to  smallpox  immunity.     Sacco"  and  the  committee  on  vaccina 


VACCINAL  nonTNITT.  519 

employed  the  same  means  to  determine  this  as  were  employed  to 
determine  vaccinal  immunity.  They  inoculated  children  with  small- 
pox on  each  day  following  vaccination.  As  long  as  the  inocidatious 
were  not  made  later  than  the  fourth  day  after  vaccination,  says  Bous- 
quet,  the  two  eruptions  developed  simultaneously  with  the  same  ease 
and  the  same  liberty  as  if  each  had  occurred  separately,  preserving, 
however,  the  relations  which  ought  necessarily  to  result  from  the 
difference  of  dates.  The  inoculated  variola  thus  preserves  its  ordi- 
nary characters.  But  towards  the  fifth  day,  and  especially  after  the 
sixth,  while  the  variolous  eraption  occurs  at  the  point  of  inoculation, 
there  is  no  general  eruption  nor  is  there  any  febrile  reaction.  The 
inoculations  made  on  the  ninth  or  tenth  day  are  followed  by  very 
poorly  defined  local  lesions,  and  after  the  eleventh  day  the  local 
symptoms  fail  to  appear  in  the  great  majority  of  cases.  Thus  we 
see  that  smallpox  immunity  is  acquired  in  almost  the  same  time  as 
is  that  against  vaccina. 

Let  us  see  what  is  the  process  of  this  immunization.  Bousquet 
showed  that  it  was  not  interfered  with  by  the  destniction  of  the  vac- 
cinal vesicles.  On  the  fourth  day  after  vaccination  he  destroyed  with 
the  lancet  and  with  nitrate  of  silver  the  papules  which  had  begun  to 
be  visible,  but  immunization  occuiTed  just  the  same  as  if  the  vaccinal 
eruption  had  been  allowed  to  follow  its  normal  course.  Aime  Martin 
destroyed  the  skin  with  Vienna  paste  at  the  point  of  inoculation  be- 
fore the  appearance  of  any  papule,  and  subsequent  inoculations 
showed  that  immunity  had  already  been  acquired  (Surmonf).  In 
cows  Maurice  Eaynaud  "  excised  discs  of  skin  including  the  poinis  of 
inoculation  twenty -six  hours  after  the  operation.  There  was  no  trace 
of  a  cutaneous  eruption,  but  the  animals  were  found  to  be  refractory 
to  inoculations  made  two  weeks  later. 

The  local  lesion  is  then  not  requisite  in  order  that  the  immuniz- 
ing substances  maj'  be  produced  in  the  body,  and  so  it  appeara  that 
it  cannot  be  the  agent,  as  yet  unknown,  which  is  produced  in  tiie  vac- 
cinal vesicle,  that  secretes  or  provokes  the  formation  of  the  toxin  or 
other  analogous  product  permeating  the  entire  economy.  Let  us  see 
where  this  process  is  accomplished.  Chauveau  found  that  the  injec- 
tion of  vaccine  virus  into  the  lymphatics  or  veins  caused  a  general 
eruption  without,  if  proper  precautions  were  taken,  the  development 
of  any  local  lesion  at  the  point  of  injection.  It  was  thus  shown  that 
the  lymph  or  the  blood  might  be  the  carrier  of  the  vaccinal  active 
principle,  but  it  still  remained  to  be  determined  whether  the  immu- 
nizing principle  was  elaborated  in  the  lymphatics  or  in  the  blood- 
vessels. The  results  obtained  by  various  experiments  differed  among 
themselves,  although  the  methods  employed  were  nearly  identical. 


Stnws,  Ghsmbcm,  and  M&uud  tnoafoMd  into  healthj  aniowla  4.  5. 
•ad  6  kgm.  al  Uood  dnwn  fran  a  heifer  during  the  steee  of  full  yno- 
einal  emption,  and  the  «"i"««i«  aoqoiTed  a  perfect  immanitj.  But  if 
the  blood  was  taken  foor,  five,  or  mx  weeks  after  the  Taorinatiion,  the 
animal  presented  no  inunnnity.  Cmtzaiy  reanUa  wen  obiaiiied  by 
CbanTeao,  Maurice  Baynand,  and  othen,  bat  thej  might  be  explained 
by  the  fact  that  the  amoont  of  Uood  injected  was  insofficient. 

Hie  mechanism  of  this  immunization  remains  still  mmrplained. 
We  know  only  that  the  vaocinogenons  safastanoe  is  present  in  the 
blood  during  ibe  period  oi  emption,  bat  it  is  there  in  oompaiativaly 
small  proportions,  since  it  is  neoessaiy  to  bansfnse  laige  amounts  in 
Older  to  prodooe  immonization.  We  cannot  say  whether  this  tbo- 
oinogenoos  propwty  oi  the  blood  is  due  to  the  presence  of  tin  Tiraient 
agents  themsdree  or  to  that  of  the  soluble  products  secreted  by  them 
at  the  seat  of  the  eruption.  The  latter,  however,  seems  scarcely  pas- 
sible, since  the  destruction  of  the  vaccinal  lesion  at  the  momoit  of  its 
I4>pearance  does  not, prevent  the  subject  from  acquiring  Tanriinal 
immunity. 

Hie  immnnify  acquired  by  the  vaccinated  pregnant  woman  doea 
not  always  confer  immunity  sgainst  variola  or  vaccina  upon  the  diikL 
Jenner  mentions  an  instanfiw  in  which  a  child  came  into  tiie  worid 
covered  with  smallpox  emption,  although  the  mother  had  aoqnived 
protection  against  smallpox  through  vaccination  performed  dining 
the  latter  part  of  her  pregnancy.  Telleguen,  of  Groningen,  aooord- 
ing  to  d'EHpine,  has  reported  a  similar  case.  Behm,  quoted  by  Sar- 
mont,*  reports  sixty-three  instances  of  successful  vaccination  of  prei;. 
nant  women,  in  which  only  twelve  of  the  children  were  refractory  to 
the  first  vaccination ;  and  of  these  twelve  children  two  were  soooefls- 
fnlly  revaccinated,  one  in  the  second  month  and  the  other  at  the  end 
of  a  year.  In  the  Maternity  Hospital  of  Lille,  Dnbiquet  had  forty- 
four  positive  resulta  in  fifty  cases  of  vaccination  of  new-bom  children 
whose  mothers  had  been  successfully  vaccinated  during  their  preg- 
nancy. The  impre^niation  of  the  maternal  organism  with  vaccina  is 
therefore  not  ordinarily  sufficient  to  confer  immunity  upon  the  foetus 
(Surmont). 

We  must  now  determine  the  duration  of  the  immunity  conferred 
by  vaccination.  For  a  period  following  Jenner's  discovery  it  was 
believed  that  a  vaccinated  ]>er8on  was  thencefortli  always  protected 
against  smallimx,  but  as  early  as  180o  cases  were  observed  of  small- 
pox oceurriuK  iu  the  vaccinated,  and  during  epidemics  of  variola  in 
1820  and  18'iio  instances  of  this  kind  were  multiplied.  The  first  cases 
of  the  sort  were  swept  liside  as  being  not  so,  but  they  soon  became  so 
numerous  that  tliey  could  not  lie  denied.     In  order  to  explain  them 
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two  theories  were  advanced,  one  that  the  protective  virtue  of  the 
vaccine  lasted  only  a  certain  time,  the  other  that  the  vaccine  deterior- 
ated in  the  course  of  successive  transmissions  through  the  human 
organism.  Those  who  adopted  the  first  of  these  explanations  con- 
cluded that  revaccination  was  necessary ;  the  partisans  of  the  second 
theory  sought  to  strengthen  the  virus  from  its  original  source,  cowpox. 

Husson  and  Bousquet  were  the  first  to  recommend  revaccination. 
Although  in  most  cases  of  variola  occurring  in  vaccinated  persons  the 
disease  appeared  in  very  mild  form  (varioloid),  there  were  neverthe- 
less some  fatal  cases,  and  for  this  reason  Bousquet  insisted  upon  the 
necessity  of  revaccination  in  all  cases.  It  was  in  Prussia  that  revac- 
cination was  first  practised  in  a  way  that  brought  conviction  of  its 
value.  In  that  country  all  soldiers  were  revaccinated.  During  the 
jieriod  from  1834  to  1848,  out  of  425,000  cases  of  revaccination  positive 
results  were  obtained  in  198,000,  or  46.58  per  cent.  In  these  four- 
teen years  there  were  but  77  cases  of  variola  and  varioloid  in  the 
army,  and  among  them  not  a  single  death.  In  1843  smallpox  was 
epidemic  in  Prussia,  but  in  the  entire  army  there  were  but  12  cases. 
The  results  of  this  experiment  could  not  fail  to  attract  attention  of 
those  in  other  countries,  and  some  years  later,  at  the  instigation  of  the 
French  Academy  of  Sciences,  the  same  rule  was  adopted  for  the 
French  army. 

Can  we  determine  the  exact  duration  of  immunity,  or,  in  other 
words,  at  what  age  ought  we  to  revaccinate?  In  order  to  determine 
this  point  Lalagade"  undertook  a  statistical  study,  the  results  of 
which  are  given  in  the  following  table : 


Ages  of  those  revacciDated. 

Number. 

Positive 
results. 

Doubtful 
results. 

Negative 
results. 

Percentage  of 
successes. . 

5  to  10  years 

217 

324 

835 

473 

208 

164 

98 

95 

101 

49 

66 

33 

39 

19 

150 

160 

238 

104 

81 

26 

12 

13 

5 

6 

2 

4 

23 
42 

17 

32 

15 

14 

9 

5 

3 

3 

2 

1 

175 

133 

158 

303 

89 

69 

63 

78 

85 

41 

58 

29 

35 

8.75 

10  "  15    "     

46.29 

15  "  20    "     

47.76 

20  "  25    "     

50.31 

35  "  30    "     

50.00 

80  "  86    "     

49.39 

35  "  40    "     

26.55 

40  "  45    "     

12.63 

45  "  50    " 

50  "  56    "     

12.77 
10.20 

55  "  60    "     

9,09 

60  "  66    "     

6.25 

65  "  70    "     

10.25 

Totals 

2.201 

820 

16fi 

1,215 

37.25 

This  table  shows  that  as  early  as  from  five  to  ten  years  revaccina- 
tions  begins  to  be  successful,  but  in  small  proportion ;  that  between 
the  ages  of  ten  and  thirty-five  years  the  percentage  of  successful  cases 
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is  about  fifty,  and  that  after  the  age  of  thirty-five  years  the  receptivity 
rapidly  diminishes.  It  is  possible  that  the  namber  of  snccessfnl 
revaocinations,  as  shown  by  this  table,  is  even  smaller  than  it  should 
be,  for  some  of  the  indiriduak  included  may  have  already  bwD 
revaccinated  or  loay  even  have  liad  varioloid.  The  figures  &if.  in 
accord  with  thoBe  obtained  from  the  anny  statistics,  in  which  we  find 
that  the  cases  of  successful  revacciuatious  among  soldiers  numh<>r 
from  fifty  to  sixty  per  cent,  of  the  total.  In  the  schools  the  propor- 
tion of  successful  vaccination  varies  from  fifteen  to  tweuty-five  per 
cent.  (Saint-Yves  Menard  "  ). 

The  duration  of  vaccinal  immi  however,  not  abeolutelr 

fixed,  but  varies  with  the  individui  ngowskj'  has  seen  revat-- 

cination  succeed  in  children  of  siiL  years,  and  Juhel-Benoy  hm  seen 
children  of  the  same  a^e,  who  had  beautiful  cicatrices,  take  smallpoi 
and  even  die  of  it. 

The  immunity  conferred  by  variola  against  a  second  attack  is  ako 
subject  to  the  same  variations.  In  1868  I  saw  a  lady  at  Fassy  who 
was  suffering  from  confluent  variola,  being  then  thirty -two  yeais  of 
age;  in  1871,  after  the  siege  of  Paris,  she  had  an  attack  of  di.scTete 
variola;  in  1873,  having  occasion  to  vaccinate  her  niece,  I  jjerfonned 
the  operation  on  her  and  was  surprised  to  find  that  it  took  perfecUr. 
Thereafter  I  revaccinat£)d  this  lady  six  times  at  intervals  of  six 
months,  in  the  presence  of  Dr.  Lorain,  and  each  time  the  vaccinal 
eruption  appeareil  with  absolute  regularity.  In  1876  the  lady  left 
Paris  and  I  have  not  seen  her  since. 

The  importance  of  this  question  of  revaccination  will  be  shown  by 
a  few  statistics.  In  Prussia  the  mortality  from  smallpox  in  the  year 
1835  was  27  per  100,000;  in  1872  it  was  262.  In  1874  vaccination 
and  revaccination  became  obligatory,  and  the  mortality  fell  at  once  to 
3.60,  and  in  1886  it  was  only  0.39  per  100,000.  In  1886  there  were 
197  deaths  from  variola  in  the  entire  Qerman  Empire ;  in  1887  there 
were  168,  in  1888  there  were  110. 

Riiths"  presents  the  following  table  of  the  mortality  from  small- 
pox in  diflferent  countries. 


I 


Countries. 


198  German  cities  . . 

15  Swiss  cities 

28  English  cities. . . 
69  Belgian  cities. . . 
12  Hungarian  cities 
52  Austrian  cities. . 


Population. 


10,518,882 

489,164 

9,398,278 

1,910.625 

8.'Ui.285 


Deaths  from 
smallpox. 


42 

4 

604 

181 

102 

1,440 


Deaths  rram 
smallpox  per 

100.000 
inhabitaau. 


0.4 
0.8 
6.4 
8.5 
11.9 
54.8 
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To  this  we  may  add  the  figures  for  one  hundred  French  cities  of 
over  ten  thousand  inhabitants  in  the  year  1889 : 


Country. 

Population. 

Death*  from 
■mallpoz. 

Deatha  from 
smallpox  per 

100,000 
inbabltanU. 

100  French  cities 

7,449,142 

2,628 

iSS.O 

Comparing  the  cities  of  the  German  empire  with  foreign  cities  for 
the  year  1888,  Baths  made  the  following  table : 

Deaths.  Per  100,000 
Qennany — Hamburg,  Breslau,  Dresden,  Leipsic,  Magdeburg, 
Frankfort-on-Main,  DQsseldort,  Bremen,  Nur- 
emberg, Dantzig,  Stuttgart,  Chemnitz,  Stras- 
burg,  Elberfeld,  Altona,  Barmen,  and  Stettin 
had  not  a  single  death  from  variola. 

Berlin 1  or       0.1 

Cologne 1  "  0.4 

Munich 1  "  0.7 

Hanover 4  "  2.7 

Ronigsberg 7  "  4.6 

England — London 9  "  0. 2 

Sheffield 408  "  127.0 

Austria— Budapest 13  "  3  0 

Vienna 62  "  8.0 

Lemberg 27  "  22  0 

Triest 254  "  163.0 

Prague 741  "  250.0 

Italy— Rome 83  "  22.0 

Genoa 136  "  74.0 

Spain— Madrid 272  "  57.0 

Barcelona 506  "  203.0 

Roumania— Bucharest 100  "  49.0 

Russia — Moscow 23  "  3. 0 

St.  Petersburg 61  '•  6.0 

In  France  the  statistics  published  at  the  reijiiest  of  the  Committee 
on  Hygiene  by  the  Minister  of  Commerce  and  the  Minister  of  the 
Interior,  for  the  years  1886-87-88,  give  for  cities  of  over  10,000  in- 
habitants an  annual  mean  of  3,260  deaths  from  variola.  The  popula- 
tion of  the  229  cities  of  France  having  over  10,000  inhabitants  is 
8,575,575 ;  the  population  of  France  is  38,218,903,  and  if  the  same 
proportion  holds  for  all  France  <ns  for  the  urban  population  the  total 
deaths  from  smalli)ox  must  he  14,000  per  annum. 

The  logical  conclusion  drawn  from  this  fact  is  that  revaccination 
ought  to  be  obligatory.  In  an  address  delivered  before  the  Academy 
of  Medicine  of  Paris  on  February  25th,  1891,  Le  Fort  opposed  this 
proposition,  but  in  order  to  refute  his  arj^ument  it  is  only  necessary 
to  quote  the  following  from  his  pajier.  Taking  as  the  basis  of  his 
figures  the  ei)idemic  of  Sheffield,  which  I  l)elieve  with  him  was  one  of 
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the  bent  studied,  lie  says :  "  Of  18,020  vaccinated  peraons  there  were 
4,151  who  had  smallpox,  or  23  per  cent.  Of  736  non-vaccinated 
liersons  there  were  552  who  had  smallpox,  or  jost  75  per  cenL  Of 
the  4,151  vaccinated  persons  with  smallpox,  there  were  200  who  died, 
a  mortality  of  4.8  per  cent.  Of  the  552  non-vaccinated  smallpox 
I>atientB  274  died,  a  mortality  of  49.6  per  cent.,  or  nearly  half  the 
number  of  those  attacked."  '^las  we  learn  from  Le  Fort's  own 
avowal  that  in  a  time  of  epidemic  three  oat  of  four  non-vaocinaind 
persons  contract  smallpox,  and  of  this  number  nearly  one-half  die; 
but  only  one  {leison  in  four  vaccinated  contracts  the  disease,  and  he 
has  4wenty  chances  to  one  of  recovery. 

Le  Fort  continues:  "In  1887  in  Sheffield  there  were  18,121  per- 
sons who  had  already  had  variola,  and  of  these  there  were  23  who 
i^ontracted  the  disease  again,  that  is  to  say,  a  proportion  of  1.3  per 
1,000.  Of  63,354  revaccinated  individuals,  75  contracted  smallpox, 
a  proportion  of  1.1  per  1,000.  The  pro^Mrtion  among  those  who  had 
lieeu  vaccinated  but  once  was  230  per  1,000.  We  may  therefore  be- 
lieve that  revacciuation  protects  as  fully  as  a  previous  attack  of 
variola.  The  protective  power  of  vaccina  is  seen  to  be  even  greater 
when  we  come  to  study  the  statistics  of  mortality.  Since  the  effects 
of  vaccination  weaken  with  time,  if  we  wish  to  retain  the  relative 
immunity  aoquireil  early  in  life  by  the  primary  vaccination  it  must 
lie  reinforce*.!  by  a  revacciuation.  Although  it  is  not  ctHrert  to  say 
that  revaivinatii^n  pn^tocts  one  alwn>lutely  from  smalliiox,  it  is  never- 
tholess  ivrt.iiu  that  it  h."»s  an  euoriuoiis  i>nit«H'tive  i>ower.  f«>r  when  it 
has  Kvn  nnvutly  pnu'tistxl  it  i>n.>t«H"ts  Wttt>r  tlian  an  attai^k  of  variola 
(viitsotl  thn^u^h  at  some  nit>re  or  less  remote  |>eri»Hl.  Tlie  happy 
influeiuv  of  nn-.nvinatiini  is  s^vn  still  m<^re  clearly  if.  instead  of 
stud>  iui:  it  ill  the  o;ise  of  one  iiiiliviilu.-d.  we  olnserve  its  effei'ts  iu  the 
o.'iSt>  of  tlie  entir«>  viuviuatevl  i>«>pulation.  To  tlie  individual  pn»t<H"- 
tiviu  is  to  K»  a^^.l»^l  in  the  oiuse  of  e.Hoh  vaivinateil  iiers<in  the  i>ers*onal 
pr\>tev*tion  of  his  neichKir,  ami  oases  of  variola  will  lietvnie  mon^ 
rar*>  ;is  tl»e  .>\',-isions  for  ooutniotiuj:  the  disease  lieoome  more  eice[>- 
tional. 

"  .V  v:»ivir.;il  in.vulatiou.  w';-.iv'ii  ex;x>st^  the  individual  t«>  no  danger 
when  it  is  ;>nutist\l  with  the  onlinary  pnvauiions ;  which,  it  is 
tnif.  v!  T".  ;.  t  vo'.i!'  r  a^^>'".a:e  iir.ium.itv.  siaiv  the  vaooinate«l  per>in>u 
ii.-is  v>r.e  >i..i;\v  in  f  ur  of  o>>ntrH<tin»:  vari.  la,  but  which  nives  him 
t»i»v  ;»."•  v.i .!.%  ih:»v.i.«-i  .'f  :•. 't  v->ntru-tir.^  it  .-is  the  uon-vrnvioate^l : 
.»!!  ir.vv.l.it:  ■:-.  w:;ivi:  t.iv!-*  :":.<■  :■.•?>;  -r.  rv>\vi\in»:  it  ten  time«  as  many 
i'h;i:i>.>-i  ;i^  ti.'-  r.  ■■.;-v.i,\ir.:i:,v;  .  f  ;;.>t  ,:\  iiii;  fT\>m  variola  if.  iu  spite 
of  t:..>  \uvi:-..::  v..  ":.-  >'  v.tr.ivt-i  tV.e  ii— .is.-:  whioh  therefore  ^vt-s 
him  tw-  •.•.s\  ti:r..-s  ;,<  ::-.;i!-.\  >V.,invV"i   ■:  t-soi:  in»:  death  fn-»m  smaU|¥.^x 
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as  the  non-vaccinated  has;  an  inoculation  which,  repeated  in  adult 
life,  protects  the  individual  as  thoroughly  as  a  previous  attack  of 
smallpox  would,  is  of  incontestable  benefit." 

In  the  face  of  this  demonstration  by  Le  Fort,  the  evidence  of 
which  was  most  striking,  it  would  have  been  useless  to  furnish  new 
proof  to  the  Academy,  but  it  may  not  be  useless  to  present  to  a  new 
audience  figures  in  corroboration  of  Le  Fort's  position.  From  a 
theoretical  ix)int  of  view,  and  leaving  aside  for  the  moment  the 
methods  employed,  we  may  say  of  a  population  in  which  every  indi- 
vidual has  been  revaccinated  that  it  is  absolutely  protected  from  an 
epidemic  of  smallpox.  There  might  be  a  few  cases  of  varioloid  but 
there  would  be  no  epidemic  of  variola. 

Professor  Aruould,  of  Lille,  has  given  the  following  figures :  Li 
Gtermany,  in  1890,  there  were  only  32,286  non-vaccinated  persons, 
and  of  the  vaccinated  only  9,704  not  revaccinated.  The  deaths  from 
variola  in  1886  were  197,  168  in  1887,  112  in  1888,  200  in  1889,  and 
58  in  1890.  In  Berlin  there  were  only  3  deaths  from  smallpox  in  this 
latter  year.  In  1891  there  were  but  40  deaths  from  variola  in  the 
entire  German  Empire.  The  number  of  deaths  from  this  disease  in 
France  was  56  times  greater,  in  Austria  60  times  greater,  and  in  Italy 
97  times  greater. 

Table  sJwmng  tlie  deatJts  from  smaUpox  per  100,000  inlmbitants  in  jive 
German  cities  since  the  law  making  vaccination  ohliijatorij  has  Iwcn  in 
effect  {Hervienx:  " liapport  sur  les  Vaccinations,"  ISO!)). 


Berlin. 

Breslau. 

Hamburg. 

Munich. 

Drt^en. 

1871 

632.5 
138.6 
11.2 
2.4 
3.1 
1.8 
0.4 
0.7 
0.7 
0.8 
4.7 
0.4 
0.3 
1.6 
0.4 
0.07 

3.56.7 

282.5 

13.7 

0.8 

'6.7 
1.5 
0.3 
0.7 
1.1 
3.2 
8.3 

107.5 

9.5.2 

0,8 

0.5 

'  1.8 
1.2 
0.2 

'  2.2 
0.5 

■  0.9 
3.6 
0.6 

.... 

88.9 
6.5 
2.9 
1.0 

6.5 

6.9 

i6.'3 
2.9 

5.4 
0.8 
0.4 
0.7 
0.4 
0.4 

'6.'8 

360.2 

1872 

8.5.2 

1873 

13.1 

1874 

4.3 

1875 

2.5 

1876 

0. 5 

1877 

0.0 

1878 

1879 

1.8 

1880 

1881 

.3.6 
2.6 

1882  

1.3 

1883 

1884 

0.8 
0.4 

1885 

1.3 

1886 

1887 

0.2 

0.6 

0.4 

1888 

0.3 

0.16 

0.2 

0.4 

0.1 

'  0.3 
"6.3 

1889 



1890 

0  8 

1891 

V 

1892 

V 
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During  the  last  four  ye^n,  siiioe  ilie  report  of  all  rnwAmptm^ 
diaeases  has  been  made  ofaligatoiy  and  aiiioe  tin  aervioe  of  dudnlBe- 
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tion  Las  beeu  organized  in  Paris,  the  number  of  deaths  from  variola 
has  fallen  greatly,  and  the  disease  now  numbers  scarcely  fifteen  or 
twenty  victims  a  year.  The  accompanying  chart  shows  the  mortality 
from  smallpox  in  Paris  during  the  yeare  1870-96. 

I  have  said  above  that,  when  it  was'  discovered  that  a  single  vac- 
cination did  not  always  protect  a  person  for  life  from  an  attack  of 
smallpox,  the  hypothesis  was  ventured  that  in  its  successive  passage 
through  the  human  organism  vaccine  virus  degenerated  and  lost  a 
part  of  its  activity.  The  proofs  advanced  by  the  supporters  of  this 
theory  are  not  very  conclusive.  They  have  compared  the  description 
of  the  vaccine  eruption  given  by  Jenner  with  what  is  observed  to-day. 
But  this  comparison  is  not  very  demonstrative,  for  if  we  observe  two 
children  vaccinated  with  the  same  virus  and  at  the  same  time,  we  see 
that  the  reaction  is  very  probably  not  of  equal  intensity  in  both.  The 
only  proof  advanced  by  those  who  believe  in  the  degeneration  of  the 
virus  is  that  revaccination  is  now  regarded  as  necessary,  while  for- 
merly a  single  vaccination  was  deemed  sufficient.  The  truth  is,  how- 
ever, that  this  belief  was  incorrect,  and  in  fact  there  is  nothing  less 
proven  than  that  the  vaccine  loses  its  protective  power  in  passing 
through  several  generations  in  the  human  organism. 

Anomalies  in  the  Vaccine  Eruption. 

The  description  of  the  eruption  which  we  have  given  above  is  cer- 
tainly a  little  schematic,  for  the  reaction  may  vary  considerably  in 
intensity  even  in  children.  It  has  been  said  that  the  eruption  fol- 
lowing a  successful  revaccination  is  less  frank  in  character  than  that 
of  a  primary  vaccination,  but  this  is  contrary  to  the  general  testi- 
mony of  those  who  have  studied  the  subject  and  contrary  also  to  my 
own  experience.  When  an  adult  is  revaccinated  with  success  the  in- 
flammatory phenomena  are  in  general  more  intense  than  those  which 
accompany  vaccination  in  the  child.  The  vaccinal  papule  has  not 
always  the  regularity,  the  rounded,  flattened  form  that  we  see  in 
children,  but  often  the  peripheral  swelling,  that  of  the  subcutaneous 
connective  tissue,  is  more  marked,  the  tumefaction  of  tlie  axillary 
glands  is  more  pronounced  and  more  painful,  and  sometimes  even 
there  are  pains  radiating  into  the  shoulder  and  down  the  arm.  An 
inability  to  use  the  arm  for  several  days  may  be  the  consequence  of 
this  rather  intense  reaction,  and  therefore  it  is  advisable  when  revac- 
cinating  soldiers,  laborers,  and  others  who  are  more  or  less  depen- 
dent upon  the  free  use  of  their  arms  to  perform  the  operation  on  one 
arm  only  instead  of  the  two. 

Whether  the  case  be  one  of  primary  vaccination  or  of  revaccina- 
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tion,  the  vaccinal  pocks  do  not  always  develop  equally ;  some  are 
large,  others  abortive,  and  sometimes  one  or  two  may  be  developed 
later  than  the  others.  A  case  of  this  kind  i<eported  by  Wichen  is, 
however,  rather  exceptional.  He  made  eight  vaccinal  insertions  ib  a 
child  one  year  old,  and  of  these  three  developed  normally ;  the  other 
five  gave  rise  to  pocks  on  the  twelfth  day,  and  tiiese  attained  their 
maturity  in  three  days. 

The  period  of  incabation  is  that  which  appears  to  be  subject  to 
the  greatest  variations.  Its  normal  duration  is  three  dAvs,  but  Her- 
vieux  says  he  has  often  noticed  a  little  red  circle  announcing  the  a|>- 
jiearance  <>f  the  papule  by  the  second  day.  In  other  cases,  for  some 
unknown  reason,  instead  of  being  shortened  the  period  of  incubation 
is  unduly  ]>rotTacted,  instances  being  recordetl  in  which  the  papule 
did  nut  Iwgin  to  show  itself  until  the  seventh,  eighth,  tenth,  fifteenth, 
tweutietli,  or  even  thirtieth  day.  In  certain  oases  the  physician  1ms 
l>eeu  led  to  l>elieve  that  the  vaccination  has  failed,  and  on  making  a 
second  iuoculation  has  seen  the  eruption  of  brith  vaccinations  develop 
simultaneously.  The  cases  of  Frtibault,  cited  by  Bou8<iuet,  and 
those  of  Rilliet  and  Barthez  remain  unique  and  still  await  confimia- 
tiuu  or  !iu  explanation.  Frebault  claims  to  have  seen  a  relajwenf 
viu-<'iua  (H;curriiig  iniiuediately  after  the  full  of  the  scab,  and  Rilliet 
and  Bartheii  relate  a  similar  occurrence  several  montlis  after  the 
primiiry  eruption. 

Tlie  irregularities  which  we  have  just  noted  are  not  of  great  im- 
I>ortauce,  for  they  do  not  in  any  way  compromise  the  saccess  of  the 
vaniuution.  We  whall  now  consider  some  variations  which  are  more 
Higuiticaut  aud  which  have  been  the  occasion  of  some  interesting 
discuHHions. 

VACcraoro. 

When  physicians  first  began  to  practise  revaccination  they  noticed 
that  till'  pcxk  oUa^u  [freseuted  cliaracters  which  differed  greatly  from 
those  (if  tlit^  primary  uormiU  vaccine  eruption.  They  gave  to  this 
eru]>ti<)n  the  name  of  false  vaccina,  and  without  exidaining  it  satiafac- 
torlly  wew  content  to  regard  it  as  in  general  insufficient  to  secure  the 
]>rotei-tiou  of  the  individual  such  as  would  have  Ijeeu  obtained  by  a 
normally  developing  eruption. 

TliiH  tlit'iiry  wart  fombated  by  several  acute  oknervers,  not. 
Trourt.si'au  and  Dutiiant-Pallier  in  1860.     Thov  looked  uix)n 
vaccina  as  hearing  the  same  relati< 
Imihtm  to  variola.     They  !)plieved 
Upon  a  soil  wliicli  was  not  ahHolnfa 
I  the  complete  development  of  the 
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proposed  to  substitute  for  the  term  false  vaccina,  which  might  be 
misinterpreted,  that  of  vaccinoid,  a  condition  which  was  analogous  to 
.  varioloid  and  possessed  an  immunizing  power  similar  to  that  of  this 
affection.  Hervieux  has  fully  accepted  this  view,  and  to  him  belongs 
the  credit  of  having  demonstrated  before  the  Paris  Academy  of  Medi- 
cine in  1893  that  vaccinoid  transmits  by  inoculation  true  vaccina, 
and  that  consequently,  like  vaccina,  it  confers  immunity  to  smallpox. 
The  following  is  the  description  given  by  Hervieux  of  vaccinoid. 
It  does  not  begin,  as  has  been  said,  immediately  after  the  inocula- 
tion, but  there  is  an  incubation  period  of  about  twenty-four  hours  on 
the  average.  There  are  three  types  of  vaccinoid,  dependent  upon  the 
extent  to  which  the  weakening  of  the  immunity  has  advanced : 

1.  At  the  point  of  inoculation  there  appears  a  pink  papule,  hardly 
at  all  elevated  above  the  surrounding  integument,  and  without  any 
areola ;  it  disappears  at  the  end  of  a  few  days,  leaving  no  scar. 

2.  There  forms  an  acuminate  papule,  larger  than  that  seen  in  the 
first  type  of  vaccinoid,  redder,  more  distinctly  \'isible,  surmounted 
by  a  little  vesicle  at  its  point,  surrounded  by  a  faint  areola,  and  leav- 
ing after  desiccation  a  little  scab  which  falls  soon  without  the  forma- 
tion of  a  cicatrix. 

3.  The  vesicle  is  more  distinct,  the  areola  is  more  pronounced, 
the  scab  is  larger  and  more  adherent  and  leaves  behind  it  a  cicatrix, 
which,  however,  disappears  in  the  course  of  time. 

These  evidences  of  vaccinal  action  are  usually  accompanied  by 
considerable  itching,  but  there  is  no  fever,  and  the  process  confers 
immunity.  Although  vaccinoid  is  seen  ordinarily  in  those  who  have 
l^reviously  been  vaccinated  or  who  have  had  an  attack  of  variola, 
Cadet  de  Gassicourt '"  claims  to  have  observed  it  in  children  following 
a  primary  vaccination. 

Vaccina  without  Eruption. 

In  1825  Dr.  Treluyer  in  comi)aiiy  with  five  other  physicians  of 
Nantes  vaccinated  sixty  children.  By  the  second  day  these  began 
to  suflfer  with  malaise,  headache,  and  chills,  and  on  the  third  day  fever 
appeared ;  but  no  vaccinal  vesicle  appeared  at  any  time  during  the 
course  of  these  general  symptoms.  The  children  were  subjected  to 
another  inoculation,  but  this  was  followed  by  no  general  or  local 
symptoms  whatever.  Smallpox  was  then  prevailing  at  Nantes  and 
these  children  were  exposed  to  it,  but  none  of  them  took  the  dis- 
ease with  the  excei)tion  of  two  who  had  not  presented  the  general 
symptoms  observed  in  the  others.  Finally,  in  order  to  make  this 
observation  even  more  conclusive,  five  of  these  children  were  inocu- 
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ited  with  smallpox  virus,  bat  none  of  them  contracted  variolu,  the 

only  result  of  tlje  operation  being  a  slight  intlispoaitioD  lasting  about 

I  week.     The  physicians  who  noted  this  mmaTial  oecarrence,  that  u 

'  say,  the  acquisition  of  immumty  without  a  Taccinal  eraptiat^ 

arded  it  as  analogous  to  the  febris  variolosa  sine  varioHs  of  Sy- 
nham,  to  the  scarlatine  frttsie  of  Trouaseaa,  and  to  other  itutatioee 

an  exanthematous  disease  occurring  mthont  the  clmracteristio 
canthem. 

Chauvean  hss  obtained  the  same  result  experimentally.  He  firat 
jected  vaccine  virus  into  the  subcutaneous  cellular  tissue  of  heifers, 
i  found  that  the  amtaals  had  acquired  imnintuty  although  t)i«re 
d  IxtBU  no  vaccinal  eruption.     He  then  practised  injections  in  nian. 

ng  the  precaution  not  to  inoculate  the  individual  locally  at  th« 
int  of  entrance  of  the  needle.  There  formetl  under  the  skin  a  bald 
relling  which  disa[>peared  slowly;  there  were  glandular  ealaige- 
nentii  and  a  rather  sharp  febrile  reaction,  bat  no  cataneoiii)  eruption, 
iter  inoculationa  showed,  however,  that  the  i^ersons  esperiment^ 
lon  hmi  acquired  immunity. 

Surmoont  remarks  justly  that  these  cases  of  vaccina  without  emp- 
Q  are  exceedingly  rare,  and  that  the  physician  should  not  tntttt  to 

immuuiziDg  power  of  an  inoculation  when  the  vaccina  has  been 

^lar  in  its  symptoms;   therefore,  in  the  absence  of  a  normal 
cine  eruption,  a  second  attempt  at  vaccination  should  be  made. 

Generalized  Yaocina. 

Instead  of  remaining  limited  to  the  points  of  inoculation  of  the 
▼iros,  the  eruption  may  appear  on  other  portions  of  the  skin  which 
have  been  nntonched  by  the  lancet.  There  are  two  forms  of  this 
generalized  eruption  which  differ  greatly  from  each  other,  especially 
in  their  pathogenesis.  In  the  first  form  the  skin  is  disposed  to  inoc- 
ulation everywhere  because  it  is  the  seat  of  an  eczema  or  of  some 
other  dermatosis,  and  the  vaccinated  person  may  easily  carry  some 
of  the  secretion  from  the  original  vaccine  vesicle  to  other  parts  where 
the  epidermis  is  wanting,  and  thus  secondary  inoculations  are  made. 
This  dissemination  is  facilitated  by  the  fact  that  the  vaccinal  eruption 
is  often  accompanied  by  an  intense  pruritus,  and  that  the  parts  of  the 
body  where  the  eczematous  eruption  exists  are  also  the  seat  of  itch- 
ing. The  diagnosis  of  this  form  is  easily  made,  becaose  the  vaocinal 
vesicles  are  often  raptured,  and  around  the  secondary  vesicles  we  may 
see  under  the  glass  or  even  with  the  naked  eye  the  marks  of  scratch- 
ing, and  we  also  see  on  the  fingers  of  the  patient  a  paronychia  which 
xesembles  more  or  less  closely  the  vaccinal  eruption.    The  seoondaiy 
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emptions  are,  furthermore,  of  later  development  if  we  compare  them 
with  the  iKKsk  at  the  point  of  primary  inoculation. 

Any  other  preexisting  lesion  of  the  skin  exposes  the  patient  to 
vaccinal  eruptions  on  the  parts  which  it  occupies,  and  it  is  among 
occurrences  of  this  sort,  the  autoinoculations,  that  we  must  place  the 
case  reported  by  Bergasse.  A  child  having  a  Biskra  button  in  proc- 
ess of  cicatrization  on  the  left  ala  nasi  was  vaccinated  on  the  left  arm. 
When  Dr.  Bei^asse  saw  the  child  again  on  the  ninth  day  after  the 
operation,  the  left  side  of  its  face  was  covered  with  upwards  of  twenty 
vaccine  papules  similar  in  appearance  to  those  on  the  arm.  The 
general  symptoms  were  grave  and  the  child's  condition  did  not  begin 
to  mend  vmtil  the  fourth  day. 

In  the  first  form  there  is  no  difficulty  in  explaining  the  generaliza- 
tion of  the  vaccina.  In  other  and  much  more  rare  instances  the  gen- 
eralization would  seem  to  be  due  to  the  transportation  of  the  virus 
in  the  blood  current.  I  have  never  seen  an  instance  of  this  sort,  but 
will  quote  the  description  of  Jeanselme'"  based  upon  cases  observed 
by  himself  and  by  Damaschino  and  Surmont.  "  An  important  symp- 
tom, the  imiformity  of  the  elements  of  the  eruption  which  are  all  of 
the  same  age,  distinguishes  this  variety  from  vaccina  generalized  by 
autoinoculation  (Damaschino).  The  eruption  is  sometimes  contem- 
poraneous with  that  occurring  at  the  points  of  inoculation,  but  more 
frequently  it  arises  secondarily  towards  the  seventh  or  eighth  day. 
The  secondary  elements  develop  more  rapidly  than  the  primary  erup- 
tion, and  in  the  course  of  a  few  days  the  two  become  identical  in  ap- 
pearance; by  the  tenth  to  the  thirteenth  day  their  development  is 
complete ;  then  they  diminish  in  size,  aud  ilisappear  toward  the  six- 
teenth day,  leaving  no  other  traces  than  a  slight  macule  which 
becomes  rather  rapidly  effaced.  The  eruption  may  be  discrete, 
coherent,  or  confluent;  in  the  latter  case  the  general  symptoms  and 
the  fever  are  at  their  maximum  and  death  even  may  occur,  but  ordi- 
narily the  prognosis  is  not  so  grave.  This  form,  which  is  more  rare 
than  that  following  autoinoculation,  may  be  observed  after  vaccination 
or  revaccination,  but  especially  after  accidental  inoculation  with  cow- 
pox  or  horsepox  (Bouley's  case).  Individual  predisposition  seems 
to  play  the  principal  role  in  its  genesis.  Some  of  the  older  cases 
would  seem  to  show  that  generalized  vaccina  may  follow  absorption 
of  fresh  vaccine  from  the  digestive  tract  (Kichard,  1809,  and  Etienne) , 
or  even  that  of  the  ordinary  dried  virus  (Cazalan,  1809).  It  is  often 
difficult  to  disabuse  one's  self  of  the  idea  of  an  autoinoculation  in 
reading  the  reports  of  cases  cited  in  support  of  this  conception." 

It  is  possible  in  these  cases  to  assume  that  the  lancet  holding  the 
vims  on  its  tip  has  been  inserted  a  little  too  deeply  and  has  pene- 
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irated  a  lymphatic  or  a  venule  of  appreciable  dee,  and  thiis  tlie  ex- 
periment of  Chanveaa,  to  which  we  have  lefened  above,  kas  been 
aooidentallj  repeated. 

Ctoinoident  Eruptions. 

YarioiiB  eruptions,  called  indirect  vaccinal  emptions  by  Hervieoz, 
may  appear  coinddently  with  the  normal  emption  of  vaccina. 

Erythema. — We  may  distingnish  a  first  gronp  charaoteriaed  by  the 
appearance  of  more  or  less  generalized  erythematous  patches  to  which 
have  been  given  the  names  erythema,  rash,  and  roseola.  These  red 
spots  make  their  appearance  dnring  the  height  of  the  vaooiaal  erup- 
tions from  the  ninth  to  the  eleventh  day.  This  observation  of  Her- 
vieox  has  been  confirmed  by  other  observers,  notably  by  Ansset" 
Boger  has  observed  the  erythematons  spots  as  early  as  the  third  day, 
while  Behrend  has  seen  their  appearance  delayed  as  late  as  the  eigli- 
teenth  day. 

When  these  erythematons  patches  become  more  generalized  they 
are  nsnaUy  called  by  the  name  of  roseola.  This  appears  first  aroond 
the  vaccinal  vesicles  and  then  spreads  to  the  neck  and  arms  and  some- 
times covers  the  whole  body.  It  lasts  two  or  three  days,  bat  gener- 
ally prodnces  no  constitntional  symptoms.  It  does  not  terminate  in 
desquamation.  It  may  assume  the  appearance  of  the  eruption  of 
measles  or  scarlatina,  and  sometimes  takes  on  the  characters  of  a 
paptilar  eruption  reaemblinn  polymoriilious  erythema  (Behrend). 

Bou.s(iuet  regarded  these  eruptions  as  independent  of  the  vaccina, 
and  Ijelievetl  that  tlieir  api>earance  was  a  mere  coincidence.  Dei>aul 
thought  tb»^ir  occurrence  was  due  to  some  i)ersonal  idiosyncrasy. 
Bonnerie  believed  that  the  rash  wjis  due  to  some  impurity  in  the  vac- 
cine vims.  Behn^nd  compares  these  vaccinal  eruptions  to  drug  emi>- 
tious.  The  latter  explanation  Hcems  to  me  to  Ije  more  reasonable 
than  tlic  others.  In  n^ading  the  accounts  given  by  different  authors 
we  are  remijultHl  now  i>f  infectious  polymorphous  emptions,  again  of 
eruptions  following  the  ingestion  of  certain  medicaments,  and  espe- 
cially of  those  following  the  injection  of  the  antitoxin  of  diphtheria. 

Whatever  may  1h^  the  pathogeny  of  these  eruptions,  they  are 
benign,  but  they  nevertheless  ought  always  to  Ije  studied  with  can', 
and  they  sh< »ul(l  .sene  to  remind  us  of  the  iH>8silnlity  of  some  other 
inf»»ction.  erti)eoially  of  syj)hilitic  roseola  or  of  a  concomitant  scar- 
latina, measles,  or  the  like. 

I'ltcritiitl  MiUnri'ii. — Some  writers  have  also  de.scribed  an  eruption 
whicli  tli«'y  have  I'alled  vm-cinal  miliaria,  but  in  its  objective  features 
this  evanescent  emption,  appearing  in  successive  crops,  would  recall 


SECONBABY  INFECTIONS. 


533 


rather  the  sndamina  occurring  in  the  conrse  of  certain  infectious  dis- 
eases. As  in  the  case  of  the  eruption  resembling  polymorphous  ery- 
themas, it  is  difficult  not  to  think  of  the  possibility  of  an  infection. 
This  form  of  eruption  is  of  no  more  grave  character  than  are  the  ery- 
themas just  described. 

Vaccinal  Eczema. — In  those  who  are  predisposed,  especially  in 
scrofulous  children,  vaccination  very  frequently  causes  an  eruption  of 
eczema.  This  usually  surrounds  the  vaccinal  vesicles  and  remains 
limited  to  these  parts,  but  sometimes  it  becomes  generalized,  and 
may  even  recur  in  successive  attacks,  presenting  then  all  the  ordinary 
characteristics  of  eczema  in  one  or  other  of  its  numerous  varieties  in 
the  adult  or  child.  There  is  really  no  special  vaccinal  eczema  having 
characteristics  of  its  own,  but  the  eruption  is  simply  one  of  eczema 
which  has  been  provoked  by  the  interference  with  health  caused  by 
the  vaccination. 

Pemphigus  occurs  very  rarely  as  a  complication  of  vaccina  in  chil- 
dren, and' when  it  does  occur  it  has  no  special  characteristics.  At- 
tempts at  inoculation  with  the  serous  fluid  contained  in  the  bullae 
have  never  given  any  positive  results.  The  eruption  occurs  almost 
exclusively  in  debilitated  and  rachitic  children.  It  lasts  several 
days  generally  and  is  quite  readily  curable.  Its  api)earance  in  young 
children  after  vaccination  should  make  us  suspect  the  existence  of 
hereditary  syphilis. 

Diday  has  observed  an  eruption  of  herpes  following  vaccination, 
but  this  may  have  been  a  simple  coincidence.  Chambard  is  said  to 
have  seen  some  cases  of  psoriasis  arising  under  the  same  circum- 
stances. 

Buruleaux  has  reported  a  case  of  hemorrhagic  vaccina  terminating 
in  death,  and  instances  of  purpura  have  been  observed  in  the  subjects 
of  hsemophilia  and  in  debilitated  children. 

Secondary  Infections. 

The  accidents  which  we  have  just  been  considering  are  due  in 
general  to  some  personal  predisposition;  some,  such  as  the  ery- 
themas, probably  to  infection  or  poisoning.  We  have  now  to  study 
those  which  are  certainly  due  to  infection. 

Phlegmons. — Among  instances  of  this  sort  we  have  to  note  sim- 
ple or  diffuse  phlegmons,  abscesses,  cases  of  angioleucitis  and 
of  adenitis.  These  accidents  have  as  their  point  of  departure  the 
region  in  which  the  inoculation  has  been  made.  They  have  as 
their  cause  infection  of  the  vaccinal  vesicles  by  pus  microbes,  the 
introduction   having  been  accomplished  either  by  an  unclean  vac- 
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oinating  instnunent  or  at  a  later  period  by  contact  with  soiled 
clothes  or  tbe  hands. 

Gases  have  been  reported  of  gangrenouM  vatxiiULy  in  some  uostances 
&tal,  due  very  probably  to  infection  in  a  similar  manner  (Hutch- 
inson). 

Erygipdas  was  lormeriy  one  of  the  most  common  complioatioDS  of 
vaccination,  bat  since  we  have  come  to  know  more  of  the  pathogenesis 
of  this  affection  its  occnrrenoe  has  become  much  more  rare.     Its 
canse  is  to  be  found  in  the  ose  of  an  nndean  instnunent  or  in  the 
absence  of  antiseptic  precantions  daring  vaccination  or  the  evolation 
cS.  the  vesicle.    According  to  the  time  when  infection  oooorred  it  may 
appear  on  the  second  day  of  vaccination  or  at  any  time  daring  the 
evolation  of  the  eraption.    Among  debilitated  children  erysipelas  is 
a  grave  complication.     Baachfoss  has  noted  a  mortality,  in  the 
foondling  hospital  at  St.  Petersbnrg,  of  sixty-seven  per  cent  in  cases 
of  wandering  erysipelas,  and  one  of  seventeen  per  cent,  in  cases  of 
localized  erysipelas.    Actaal  epidemics  of  the  complication  have  been 
described.     Secondary  contamination  of  this  kind  oaght  no  longer 
to  occar,  and  indeed  it  has  become  happily  so  rare  that  in  1877  Lots 
was' able  to  collect  only  two  cases  of  death  from  erysipelas  in  1,252,- 
564  vaccinations. 

SepHcoemia  has  been  occasionally,  though  rarely,  observed.  Snr- 
mont  reports  the  following:  At  Orabnick  (1878)  fifty-three  children 
were  infected  throagh  the  use  of  some  old  virus  which  had  been 
expoBed  to  the  air  for  a  long  time ;  some  of  the  children  had  gener- 
alized eruptions  resembling  scarlatina  or  measles,  others  had  ery- 
sipelatous symptoms  or  abscesses,  aud  fifteen  of  them  died.  In  two 
cases  the  autopsy  sliowed  that  death  was  due  to  septicemia.  The 
vaccine  was  in  a  state  of  decomposition  and  contained  septic  bacteria 
(Pincus").  ^t  Sau  Quirico  d'Orcia  (1870)  near  Borne,  similar  casea 
of  erysipelatous  fever,  abscesses,  and  death  were  observed  following 
the  employment  of  vaccine  taken  from  pustules  which  had  been 
removed  seven  days  prenonsly. 

Twelve  yejuw  ago  the  writer  was  commissioned  in  company  with 
Pasteur  aud  Proust  to  determine  the  resixnisibility  incurred  by  the 
physicians  who  performed  vaccination  tinder  the  following  circam- 
staucos:  On  March  13th,  188.5,  Dr.  A.,  of  Asjirieres,  vaccinated  forty- 
two  (Oiildreu ;  the  next  day  six  of  them  were  dead,  and  all  the  others 
were  ill,  some  of  tlicin  very  dangennialy  so.  In  our  investigation  we 
were  ouaMed  to  trace  the  vaccine  l»ack  through  five  generations  and 
to  determine  th.at  it  was  by  employing  a  vinis  originally  gootl,  bnt 
which  gave  rise  successively  to  accidents,  at  first  of  slight  gravity 
then  more  and  more  seritms,  that  the  ])rei>aration  was  made  for  the 


SEOOKDAEY  INFECTIONa.  535 

final  disaster.  The  first  vaccinatioa  was  matle  by  Dr.  C.  with  a  tulie 
of  animal  vaccine,  on  Febniary  l(5th.  Tlie  subject  vaccinated  (there 
was  but  one)  had  a  ma(;jiiificeDt  umbilicated  eniption.  In  the  second 
series  twentv  children  were  vaccinated  by  Dr.  C,  on  February  22d  or 
23d,  with  vims  taken  from  the  first  child.  Nothinjj;  especial  was  noted 
beyond  a  Uttle  inilammatiou  Hurroundinn  the  vesicles  in  two  or  three 
of  the  children.  One  of  these  sen-ed  as  the  vaccinifer  for  the  third 
series.  The  third  vaccination  was  made  by  Dr.  C,  on  February  28th 
or  Marcli  Ist.  The  number  of  the  vaccinated  could  not  be  ascertained. 
Three  of  them,  however,  jiresented  abnormal  Hymptoms.  V.  was  I'e- 
ported  to  have  had  a  fever  exceeding  in  duration  that  of  the  normal 
vaccinal  fever,  and  the  pustnlea  ap]>eared  sixty-two  liiiurs  after  the 
vaccination.  In  B.  the  pu-stules  appeared  forty -eight  hours  after  the 
vaccination.  D.,  a  girl  fourteen  years  old,  had  an  abscess  of  the 
arm.  The  fourth  vaccination  wits  jiractiKcd  in  March  7tli  by  Dr.  C 
The  vacciuifers  were  the  above-meutiouod  V.  and  B.,  who  had  had 
an  abnormal  vaccine  erujition  iu  that  it  had  appeared  in  the  third 
and  second  day  respectively.  Two  girls,  Clapier  aud  Bessous,  were 
vaccinated  with  viras  tiikeu  from  a  pustule  which  liad  opeued  the 
evening  before.  The  mother  of  the  Clapier  child  testified:  "On 
March  7th  lant  my  little  girl,  one  year  old,  was  vaccinated  at  Mimtba- 
zeu8  by  Dr.  C.  The  vaccine  was  taken  from  two  little  girls,  aged  about 
three  and  eight  years  respectively.  The  operati<jn  was  performed 
about  oue  o'clock  in  the  afteruonu,  and  that  very  evening  fever  ap- 
peared aud  the  child  did  uot  sleep  that  night.  The  following  day  I 
.■showed  my  child  to  Dr.  A.,  who  thought  that  the  vaccination  had 
taken  very  quickly,  aud  ho  said  that  instead  of  waiting  eight  days  in 
order  to  vaccinate  other  children  from  this  one  he  would  do  so  the 
following  Friday.  I  noticed  nothing  extraordinary  about  my  child 
except  that  the  vaccinatiou  had  taken  so  very  ipiickly.  The  rest- 
lessness lasted  about  two  days,  but  the  child  was  not  sick,  aud 
had  neither  diarrha'U,  vomiting,  nor  convulsions."  Mrs.  Bessous 
furnished  the  billowing  information  iu  her  deposition:  "Dr.  C. 
vaccinated  this  child  ou  March  7th.  The  vims  was  takeu  from  two 
children  of  three  aud  eight  or  uiue  years  respectively.  Oue  of  the 
chilili'eu  hatl  already  furnished  some  vaccine  that  nioruiug,  but  oue 
of  the  pocks  hatl  not  l>een  ojiened;  iu  the  otber  child  all  the  vesicles 
had  been  cut.  Dr.  C.  gave  to  my  child  as  well  as  to  my  neighlior's 
girl  vaccine  from  the  jiock  which  had  uot  Iwen  opened  as  well  as  from 
the  ruptured  oue.  TLe  vaccine  fever  a])peared  during  the  night,  and 
*he  following  day  I  made  the  remark  that  the  vaccinatiou  had  taken 
'  My  child  was  nut  ill,  but  had  a  slight  diarrhcea  though  no 
g;  the  ne.vt  day  the  child  went  out;  she  fuiuished  uo  vaccine 
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to  otlier  cbildien.  It  was  the  Clapier  child  who  was  the  vaocinifei 
in  tUfl  fifth  series. 

The  fifth  vftfcination  was  made  on  March  13th  by  Dr.  A. ,  who  rac- 
cinateil  forty -two  chikh'en  ou  that  day,  of  whom  four  died  the  next 
day  and  «iiie  the  day  followiuy  that;  a  sixth  child  also  died,  but  we 
know  uotliiuy  of  the  cireiinistances  of  that  ca-se.  Almost  all  of  those 
vaccinated  were  more  or  less  ill.  The  following  is  Dr.  A.'s  deposi- 
tion :  "  I  took  this  viicciiit'  from  little  Eugeaie  Clapier,  of  Aspriem, 
aged  twelve  or  thirteen  months,  who  was  a  healthy  child  and  whose 
parents  were  also  sound.  She  fis  well  as  the  little  Bessous  child  Lad 
lieeu  vaccinated  on  March  7th  by  Dr.  C,  who  had  taken  the  vaccine 
for  them  from  another  child.  I  noticed  that  the  incubation  period  of 
the  vaccina  had  been  very  short  in  both  children,  for  usually  it  is 
only  after  nine  days  that  the  virus  becomes  fit  for  inoculation,  but  in 
this  case  it  was  imperative  to  give  it  as  early  as  the  sixth  day,  for  it 
had  already  begun  to  desiccate." 

Concern  iug  the  results  of  this  vaccination  we  were  able  to  obtain 
fairly  detiuitt*  information  as  regards  five  of  those  who  died  and  five 
who  recovered. 

I.  Death  of  the  Crouzat  child;  deposition  of  the  mother:  "I  had 
my  dau^jhter  Angele,  aljout  two  years  old  and  very  robust,  vac4:iDated 
at  Anjirieres  by  Dr.  A.  ou  March  13th.  She  was  the  first  who  re- 
ceived the  vaccine.  Ou  the  morning  of  the  14th  she  had  a  slight  chill. 
I  did  not  expect  that  the  vaccine  would  take  effect  so  soon.  The 
child  liegan  to  jiave  dian-htta  and  vomiting,  and  it  died  on  the  15th 
of  the  mnutli  towards  sis  o'clock  in  the  moraing." 

II,  Deatli  of  the  Fabre  child;  deposition  of  the  mother:  'On 
Marcli  IHth  last,  towards  nine  o'clock  in  the  morning  I  had  my 
tliiugiiter  Pelagic,  thirty-two  mouths  old  and  very  robust,  vaccinated 
by  Dr.  A.  at  Asjirieres.  That  evening  the  child  went  out  for  a  walk, 
hIio  tijok  her  supper  as  usual,  and  I  put  her  to  bed  about  eight 
o'clock.  An  hour  and  a  half  afterward  she  awoke  and  vomited  what 
she  had  eaten;  the  vomiting  was  repeate<l  three  or  four  times. 
Towards  one  o'cliR'k  in  the  night  she  was  taken  with  diarrhoea. 
The  ne.\t  nioruiug  she  was  thirsty;  she  rose  about  six  o'clock  and 
walked  urouud  as  usual.  Towanls  eight  o'clock  she  was  taken  with 
giddiness  and  uttered  a  plaintive  cry  two  or  three  times:  ♦^•o"  =••<» 
had  convulsiims  and  died  alxnit  h' 

her  tleath  I  noticed  that  her  legs  i 
m.  Death  fif  the  Laumout  ch 
the  day  Hicy  vaccinated  children  i 
year  old  Iwy  there.  Dr.  A.  vacci 
morning.     After  coming  home  th( 
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doors.  He  got  his  sapper  a  little  early  that  evening,  and  wheu  lie 
was  put  to  bed,  about  seven  o'clctck,  he  felt  like  vomiting.  I  gave  bim 
some  tea,  wbicU  Le  did  not  care  for,  and  then  he  vomit«l  three  or  four 
times,  throwing  ui)  bis  supper;  he  had  a  truublesoiue  diarrha'a  dur- 
ing the  night.  He  died  about  ten  o'clock  the  next  morning.  His 
face  tlid  not  ai)i>ear  changed,  but  the  legs  and  thighs  were  covered 
ivitb  black  spots.  I  noticed  no  other  signs  of  decomjiosition.  The 
child  had  not  been  sick  before  this." 

IV.  Death  of  the  8ounilluc  cliiUl;  deposition  of  the  mother:  "My 
mother  bad  my  little  girl  Marguerite,  two  and  a  half  years  old,  vac- 
cinated at  Asprieres  by  Dr.  A.  on  March  IBtli,  about  ten  o'clock  in  the 
morning;  the  child  was  sti'oug  aud  rubust.  In  the  evening  the  cljild 
went  out  for  a  fnw  minutes,  the  temperature  of  the  air  having  fallen 
a  little  at  that  time.  That  same  evening  at  a1)out  seven  o'clock  she 
asked  me  to  take  her  on  my  knees,  saying  that  she  was  tired.  Almost 
immediately  she  began  to  vomit,  at  first  some  bread  slie  had  eateu 
and  after  that  glairy  matter.  During  the  night  she  was  very  restless 
and  had  considerable  diaiTha>a.  The  little  one  died  at  uiue  o'clnck  iu 
the  morning.  After  death  her  fiwe  changed  a  little  and  there  were 
purplish  spots  on  the  neck,  arras,  aud  legs." 

V.  Death  of  the  Gratwii]!  child;  dfjiositiou  of  tlie  mother:  "I 
had  my  boy  vaccinated  by  Dr.  A.  nu  March  IHtli  at  aiiout  eleven 
o'clock,  that  is  to  say,  among  the  last  of  those  who  were  vaccinated. 
He  was  three  years  and  a  lialf  old,  and  was  a  very  strung  child.  The 
day  was  rather  culd,  but  my  boy  was  M'ell  wrapped  nj*  and  went  out 
as  usual.  Towards  eleven  o'clock  at  night  he  felt  an  iuclinatiou  to 
vomit  lait  did  not  do  so.  During  the  night  ll<^  had  tvvo  large  diar- 
rlneal  passages  aud  wan  iiincli  exhausted  the  following  morning.  He 
ha<l  a  few  comnilsive  attacks  aud  died  at  four  o'clock.  After  death  his 
entire  body,  with  the  exception  of  the  arms  aud  face,  bei'ame  black." 

The  symptoms  of  those  who  did  not  die  were  very  similar  to  these 
just  described  and  came  on  also  at  about  the  same  time.     The  ages 
of  the  vaccinated  children  varii'd  from  three  months  to  three  years. 
It  is  woi-tiiy  of  note  that  it  was  not  the  youngest  children  who  died. 
The  symptoms  appeared  from  four  to  sixteen  hours  after  the  vaccina- 
tion, the  usual  perioil  being  between  nine  and  ten  liours.     In  all  thei'e 
was  fever,  appearing  at  tlin  latest  eighteen  hours  after  the  vaccination; 
'u  those  who  recovered  it  lasted  from  tn-o  to  four  (\ii\a ;  nearly  all  had 
niting  followed  by  diarrlnea,  and  some  had  convulsions.     Four  of 
■hildren  died   at  the  end   of  about   twenty-four  hours;  one,  the 
'At  child,  the  first  oue  vaccinated,  lived  for  forty-five  hours  after 
'ration, 
children  who  recovered  had  local  symptoms  resembling  in  no 
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respect  the  eruption  of  Taccination.  In  all,  from  the  first  day,  an 
intense  redness  over  an  area  the  size  of  a  fifty-oentime  piece  (a  silver 
ten-cent  piece)  surrounded  the  point  of  inoculation.  There  was  a 
discharge  of  a  serous  or  seropurulent  fluid  on  the  first  daj  or  bj  the 
third  day  at  the  latest.  Cicatrization  was  slow.  In  all  of  the  chil- 
dren a  local  and  generalized  impetiginous  eruption  followed  the 
inoculation.  There  is  nothing  in  this  description  resembling  the 
normal  course  of  vaccina. 

We  see  from  this  history  that,  starting  from  the  third  series  of 
vaccinations,  the  vaccina  did  not  follow  its  normal  evolution,  and  that 
the  vaccuiifers  had  eruptions  which  would  cause  a  doubt  whether  the 
two  children  in  the  fourth  series  had  been  inoculated  with  vaccine  ai 
all.  Thus  the  symptoms  became  aggravated  at  each  new  transmissioa 
until  they  terminated  in  the  disaster  of  March  13th. 

These  symptoms  could  be  compared  to  nothing  but  those  of  acate 
septicaemia.  The  only  thing  in  human  pathology  which  they  r^ 
sembled  was  a  dissection  wound  produced  by  inoculation  in  a  crack  or 
wound  of  the  skin  with  pus  from  a  subject  dead  of  some  septic  affety 
tion  such  as  puerperal  peritonitis.  In  this  case  the  symptoms  burst 
forth  in  all  their  intensity  without  the  necessity  of  suooeesive  trans- 
missions of  the  septic  germs.  In  the  vaccination  cases,  however,  it 
would  seem  that  the  virulence  noted  first  in  the  third  series  went  on 
increasing  in  each  generation,  it  being  evident  that  the  virulent  germs 
were  strengthened  in  the  successive  cultivations. 

Actual  epidemics  of  impetigo  ami  ecthtjma  have  been  rejjorted  in 
recent  years  in  Germany.  They  were  sometimes  of  considerable 
granty  and  causetl  the  death  of  some  of  the  children.  Amon^;  the«e 
epidemics  we  may  mention  that  at  Bugen  in  1885,  at  Sedow  in  1885, 
at  Eiderstedt  in  1886,  and  at  Elberfeld  in  1887. 

Some  writers  have  made  the  statement  that  these  accidents  are 
never  observed  except  as  a  consequence  of  animal  vaccination,  but  this 
is  an  error,  as  witness  the  Asprieres  cases. 

inrerofive  r^wcinn  occurs  under  two  distinct  forms.  In  one  the 
ulcers  develop  on  one  child  only,  in  the  other  there  is  a  real  epidemic. 
"VNTieu  the  nlcor  forms  on  the  arm  of  one  child  only,  the  physician 
will  think  at  once  of  syphilitic  chancre.  Iudee<l  it  resembles  greatly 
a  chancroid  or  tnie  chamTo,  whence  the  names  of  chancriform  vac- 
cina, vacciiml  psoudcK'liancre,  etc.  The  vaccinal  ulcer  differs,  how- 
ever, from  tlip  Hyi)l)ilitic  sore  in  the  time  of  its  development,  appear- 
inn  on  tlicn  sovonth  or  oinhtb  day  (Pinard's  case)  or  from  the  twelfth 
to  tlie  fiftt'onth  day  (Fouruier).  All  or  nearly  all  of  the  points  of 
inoi'ulation  l^^come  ulcerated.  The  nU-er  is  the  size  of  a  fifty-oeutime 
piece,  and  it  is  accompanied  with  lympliangitis,  oedema  of  the  limb. 
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impetiginous  and  ecthymatous  eruptions,  and  painful  adenopathies. 
The  child  is  in  a  typhoid  condition.  Cicatrization  occurs  only  by 
the  end  of  two  or  three  months,  and  the  resulting  scar  is  permanent 
and  often  deforming. 

Epidemic  ulcerative  vaccina  differs  from  the  preceding  only  in 
the  fact  that  it  affects  a  number  of  children.  The  epidemic  which 
has  been  the  most  carefully  studied  is  that  of  Motte-aux-Bois, 
described  by  Decouvelaere,  Hervieux,"  and  Leloir."  The  vaccinifer 
was  a  child  nine  years  of  age,  of  fine  appearance,  healthy  and  robust. 
The  eruption  on  this  child  had  followed  a  normal  course  and  cicatri- 
zation was  completed  at  the  usual  time.  Forty-three  children  of 
different  ages  were  vaccinated  In  three  places  on  one  arm  onlj'.  Each 
had  three  papules,  appearing  on  the  second  or  third  day,  which 
became  rapidly  inflamed,  greatly  enlarged,  and  gave  place  between 
the  tenth  and  twelfth  days  to  three  ulcers  varying  in  size  from  the 
diameter  of  a  fifty-centime  piece  to  that  of  a  franc  or  a  two-franc  piece 
(a  dime  to  a  half-dollar.  The  borders  were  sharply  cut  out,  suppura- 
tion was  abundant,  oedema  was  very  pronounced,  and  there  was  axil- 
lary adenopathy,  but  the  general  health  was  scarcely  affected.  None 
of  the  secondary  symptoms  of  syphilis  appeared. 

The  affection  was  an  inoculable  one,  since  the  ulceration  occurred 
at  each  point  of  vaccination,  and  even  the  mother  of  one  of  the  chil- 
dren presented  an  ulcer  of  similar  appearance  on  the  lower  eyelid. 
Leloir  believed  that  the  lesions  on  the  arm  of  the  vaccinifer  became  in- 
vaded at  an  early  period  bj-  the  sta,phylococcus  pyogenes.  The  com- 
plication is  a  serious  one,  and  the  consequences  might  be  grave. 

Vaccinal  Sypliilis. — This  is  a  subject  which  lias  greatly  occupied 
the  attention  of  medical  men  for  the  last  quarter  of  a  century,  and 
although  the  substitution  of  animal  vaccination  in  place  of  the  arm- 
to-arm  method  has  removed  the  danger  iu  great  measure,  the  iiossi- 
bility  still  exists  and  the  fiueation  retains  its  interest  as  regards  diag- 
nosis. From  the  very  beginning  of  vacciuatiou  cases  occurred  in 
which  popular  opinion  accused  the  operation  of  having  inoculated 
other  diseases,  and  especially  syphilis,  along  with  the  vaccina. 
Kowbey  in  England  (1810),  Mouteggia  iu  Milan  (1S14),  aiul  Marcolin 
in  Milan  (1823),  all  expressed  the  belief  that  tlie  vaccinal  vesicle 
might  contain  the  vinis  of  syphilis  as  well  iis  tliat  of  vaccina.  Troja 
and  Galbiati  of  Na{)le8  (1810),  being  couvinced  that  some  vaccinated 
patients  were  affected  with  diseases  from  wliicli  tlif^y  had  not  pre- 
viously suffered,  instituted  a  service  of  animal  vaccination.  These 
facts  and  others  wliicli  wo  shall  meutidu  below  were  met  in  France  by 
the  two  following  arguments:  According  to  the  opinion  of  Husson, 
Bousquet,  and  Steinbrenner  vaccine  virus  remains  always  pure  and 
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cannot  be  mixed  with  any  other  Tims.  In  support  of  this  opinion 
they  adduce  certain  apparently  very  conclusive  experiments.  They 
performed  yaocination,  intentionally  taking  the  vims  from  syphilitle 
children,  and  the  subjects  vaccinated  did  not  show  any  symptoms  of 
syphilis.  Furthermore,  according  to  the  teaching  of  a  school  which 
were  generally  accepted  until  about  1860,  the  primary  sore  alone  can 
give  syphiUs,  it  being  impossible  to  transmit  the  disease  by  inocula- 
tion with  the  secondary  products.  "  Ohanore  arises  from  chancre  and 
alone  can  reproduce  it"  (Bioord).  Besting  upon  these  facts  which 
had  withstood  the  assaults  of  many  discussions,  the  French  phy- 
sicians regarded  the  published  cases  of  alleged  vaooinal  syphilis  as 
merely  the  impotent  assaults  of  the  detractors  of  vaccination.  But 
when  experience  had  disproved  the  law  of  Hunter  and  Bicoid,  and 
especially  when  accoimts  were  published  of  veritable  epidemics  of 
vaccinal  syphilis,  opinion  b^an  to  change,  and  when  Tiennois"  pub- 
lished his  work  on  the  transmissibility  of  syphilis  by  vaccination,  a 
new  period  opened  in  the  history  of  vaccination. 

Depaul"  introduced  the  question  in  the  Paris  Academy  of  Medi- 
cine in  1865,  and  the  discussion  was  very  animated.  The  contest 
arose  again  in  1869,  and  it  was  only  in  1870  that  the  last  opponents 
of  the  possibility  of  this  mode  of  transmission  of  syphilis  disap- 
peared. 

Certain  of  the  cases  of  alleged  transmission  of  syphilis  may  be 
rejected  as  lieiog  merely  instances  of  the  declaration  of  a  latent 
syphilis  hrought  out  by  the  operation  of  vacciuatiou ;  such  were  cases 
rei)()rtpd  by  Friedenger,  Bamberger,  Ceccaldi,  and  Whitehead.  We 
shall  refer  briefly  to  two  of  the  best  known  of  these  epidemics  of  vao 
ciual  syi)liili8. 

First  ol)ser\-ati<>n  of  Ga«pard  Cerioli,  in  1821. — A  little  girl,  three 
mouths  old,  a  fouudliuK.  was  imxjnlated  with  vaccine  taken  from  an- 
other cliild  who  was  liealthy  at  the  time  and  remained  so.  Vesicles 
developed  in  a  regular  manner  and  from  them  virus  was  taken  for  the 
vaccination  of  forty -six  children.  Six  of  the  latter  hiul  normal 
vesicles  with  the  fluid  of  which  one  hundred  children  were  vaccinated, 
none  of  whom  showed  later  any  symptom  of  syphilis.  In  almost  all 
the  «)thers  there  a|)peared  at  the  points  of  inoculation  uIccfh  covered 
with  scabs,  or  indurated  ulcers.  These  lesions  manifeste<l  themselves 
at  the  time  wli<»n  the  vaccinal  scabs  fell  oflf.  Later  api)eared  ulcers 
on  the  mouth  and  genital  organs,  scabby  emptious  on  the  hairy 
s<;alp,  coi)iH'i-colored  si>ots  on  the  lK>dy,  etc.  The  osseouH  and 
ghmdular  systems  were  also  involved.  The  disease  was  also  com- 
muui<'ated  to  the  mothers  and  nurses  of  the  affected  children. 
Admitted  to  hospital,  the  ])ati(mts  were  treated  b.v  mercurial  iuunc- 
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tiona  and  bichloride  of  mercnry  internally.  Nineteen  of  them  died, 
the  others  recovered  more  or  lees  i)romptly.  All  the  infected  mothers 
recovered. 

Epidemic  of  Kivalta. — Towards  the  end  of  May,  1861,  Dr.  Cog- 
giola  vaccinated  a  child,  Cbiabrera  by  name,  who  had  been  infected 
with  syphilis  from  the  breast  of  a  woman  who  had  nursed  it  acci- 
dentally. This  cintumstauce  was  not  known,  however,  until  it  was 
revealed  by  the  searebing  iuvestigatious  of  Dr.  Pacchioti.  This  child 
served  as  vaccinifer  for  forty-six  perfectly  healthy  cliiltlren.  This 
was  on  June  2d,  aud  on  the  12th  of  the  same  month  seventeen  other 
children  were  vaccinated  with  virus  taken  from  one  of  the  first  foi-tj'- 
six  children,  by  name  Mauzoue.  The  entire  number  of  the  vacci- 
nated was  thus  sixty-three,  aud  of  these  forty -six  were  iufected  with 
syphilis,  thirty-nine  of  the  first  series  and  seven  of  the  second. 

The  first  symptoms  of  syphilis  a]>peared  on  the  average  on  the 
twentieth  day  after  the  vacciimtiou,  the  extreme  limits  l)eing  ten 
days  and  two  mouths.  The  ulcers  on  the  arm  made  their  appearance 
either  during  the  cicatrizjition  of  the  vaccinal  eruption  or  after  that 
was  completed.     After  this  came  nu  the  geueral  eruption. 

An  inquiry  was  undertaken  October  7th,  when  it  was  ascertained 
that  seven  of  the  children  had  died,  tlie  disease  not  having  lieen 
recognized;  there  were  no  further  deaths  after  the  institution  of 
specific  treatment.  At  the  time  they  were  discovered  fourteen  of  the 
children  were  progressing  favorabl.v  toward  recovery  and  three  were 
in  a  dangerous  state.  All  the  children  who  eouhl  be  found  liad  had 
symptoms  of  syphilis  and  had  communicated  the  disease  to  their 
mothers  and  nurses  and  these  in  turn  to  thfir  husbands,  so  that  the 
disease  had  made  frightful  progress  in  the  community. 

Other  cases  of  this  kind  followed  each  other,  and  in  1863,  when 
Devergie  I'ejiorted  t<i  tlje  Paris  Academy  of  Medicine  the  ease  of  a 
lad,  fifteen  yeai-s  old,  who  ]>reseuted  the  secondary  symptoms  of 
syphilis  six  weeks  after  having  been  vaccinated,  Ricord  remarked: 
"The  observations  have  multiplied,  the  [iroofs  have  accumulated,  and 
we  can  no  longer  hesitate  to  accept  as  certaiu  tliis  mode  of  transmis- 
sion. One  member  only  of  the  Academy-  (Bousquet)  refused  to 
accept  this  view,  saying:  "Husson,  our  glorious  predecessor,  never 
saw  any  cases  of  the  kind,  I  have  never  seen  any,  Depaul  himself  has 
never  seen  any,  and  I  am  glad  to  be  able  to  tell  him  that  he  never  will 
see  any."  Unfortunately  two  years  later  this  prediction  of  Bousquet 
was  cruelly  falsified  by  a  case  occiirring  at  the  Academy  under  the 
eyes  of  Depaul,  whose  report  of  the  incident  is  as  follows ;  " 

"  On  August  10th,  IBfiS,  a  colleague  in  Paris  sent  to  the  Academy 
to  be  vaccinated  his  nephew,  a  young  man  twenty -seven  years  of  age. 
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I  could  not  go  to  tlie  Academy  that  day  aud  the  vaccinations  were 
performed  in  my  absence.  I  had  no  thought  but  that  everything 
had  occurred  normally,  when  I  was  informed  that  this  young  mar 
was  affected  with  vaccinal  syphilis.  He  was  treated  by  Millard, 
Hardy,  aud  llicord,  aud  made  a  slow  recovery.  Filled  with  anxiety 
for  the  others  who  biul  been  vaccinated  at  the  same  time,  I  instituted 
au  inquiry.  I  learned  that  vaccine  had  been  taken  that  day  from 
two  vaecinifers,  aud  several  children  and  some  soldiers  had  been  vac- 
cinated. Thanks  to  the  information  obtained  by  Lianoix,  I  was  able 
to  trace  the  children  who  had  been  vaccinated  and  had  acquired 
syphilis,  two  of  whom  died.  As  to  the  soldiers  one  day  I  received  a 
letter  from  Val-de-Grace  asking  me  to  come  to  see  some  soldiers  who 
were  suffering  from  vaccinal  syphilis.  Three  of  them  had  character- 
istic ulcers,  adenopathy,  etc.  I  found  on  interrogating  them  that 
they  were  three  of  the  soldiers  who  had  been  vaccinated  at  the 
Academy  on  the  same  day  as  the  young  man  aud  the  children  men- 
tioned above. 

"  The  first  of  the  vaecinifers  who  had  furnished  the  virus  that  day 
was  jierfectly  healthy,  and  it  was  he  who  had  given  the  vaccine  to 
most  of  the  soldiers.  I  could  not  see  the  other,  for  he  had  died  the 
day  after  furnishing  the  virus  for  vaccinatiou.  When  I  entered  the 
house  his  mother  said  (I  quote  her  words  literally) :  '  Could  he  have 
given  the  iliaeaae  to  the  others?  '  This  woman  had  put  her  child  ont 
to  uui-se,  but  had  had  to  take  it  back,  as  the  nurse  was  sixffering  from 
a  venereal  affecticju.  The  child  had  a  macular  eruption,  glandnlir 
swellings,  and  ulcers  in  the  groins  and  on  the  genitals." 

The  possibility  of  the  transmission  of  syphilis  by  arm-toarn 
vaccination  could  no  longer  be  doubted.  It  remained  to  determine 
the  prophylactic  means,  and  we  shall  see  later  how  this  was  done. 
But  first  let  us  study  how  the  contamination  of  the  virus  occurs. 

FirHt  of  all  it  is  certain  that  in  the  immense  majority  of  cases  & 
syphilitic  vjiccinifer  does  not  give  syphilis  to  the  vaccinated.  The 
old  experimouta  of  Hussou,  Bousquet,  aud  many  others  are  a  suffi- 
cient proof  of  this  statement.  The  observations  which  we  have 
related  above  also  confirm  this,  since  in  every  instance  there  were 
always  some  who  escaped  the  syphilitic  infection.  How  are  we  to 
explain  this  immunity  for  some  and  this  contagion  for  others? 

WTieu  we  perform  au  arm-to-arm  vaccination  the  lancet  is  charged 
with  vaccine  aud  usually  also  with  a  small  quantity  of  blood,  and 
especially  when  several  children  are  vaccinated  from  the  same  veside 
the  latter  almost  always  bleeds  more  or  less.  Examination  of  th* 
vaccine  virus  under  the  micro8co]>d  aB^^most  always  show  blood 
corpuscles  even  when  there  is  no  ai^^^vce  of  blood  to  the  naked 
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«je.  Since,  therefore,  it  is  almoat  impossible  not  to  have  blood 
mixed  with  the  vaccine,  we  must  ascertain  whether  the  cont^ion  may 
occur  through  one  or  the  other  of  these  fluids.  Experience  has 
shown  over  and  over  again  that  svphilis  may  he  communicated  by 
inoculation  with  the  blood  of  a  syphilitic  subject  apart  from  any 
question  of  vaccine  virus.  Thus,  to  cite  only  one  instance  which 
suffices  to  prove  the  fact:  In  18(30  Pellizari,"'  of  Florence,  in  the 
course  of  a  lecture,  stated  his  belief  that  the  vaccine  alone  cannot 
transmit  ayphilin  aud  that  vaccinal  syphilis  (x-curs  solely  through 
inoculation  with  syphilitic  blcxid.  After  the  lecture  two  of  his  audi- 
tors, Drs.  BUli  aud  Sebastieu  Teati,  asked  Pellizari  to  experiment 
uiwn  them  with  the  inocidatiou  of  syjihilitic  blood.  The  professor 
objected  but  they  insisted,  fujd  the  iuoculatiou  was  made;  the  result 
was  negative.  The  following  year  after  a  lecture  on  the  same  sub- 
ject, three  physiciaus,  Bargioui,  Ilosi,  and  Passigli,  were  iuocidated, 
and  Bargioni  alone  at^quired  syphilis.  The  woman  from  whom  Pel- 
lizari took  the  blood  was  twenty -five  yeas  old,  preguart  six  months, 
and  had  had  the  primary  sore  fifty  da^s  bef<jre.  She  had  large  cou- 
fluent  mucous  papules,  which  secreted  abuudautly,  on  the  geuitals; 
one  of  these  corresponding  in  kx;ation  to  the  primary  sore  had  a 
frankly  indurated  base.  There  were  also  mucous  patches  round  the 
anus  and  enlarged,  hard,  aud  iiuinless  bulxies  in  the  groin.  The  skin 
on  the  body  was  the  seat  of  a  tolerably  confluent  erythema,  there 
were  adeuoi^athies  in  the  neck  aud  cuneiform  jmstules  on  the  hairy- 
scalp.  The  woman  had  had  no  treatment.  The  blood  was  taken 
from  the  cephalic  vein  in  the  bend  of  the  right  elbow,  the  skin  being 
previously  wa.shed;  there  were  no  8y[)hilitic  manifestations  iu  this 
region.  All  the  instruments  employed  were  oew.  A  little  pledget  of 
Unt  was  dipped  iu  this  blood  aud  then  applied  to  the  upper  and 
external  regione  of  the  left  arm  of  Dr.  Bargioni  at  the  poiut  of  the 
insertion  of  the  deltoid,  where  the  epidermis  had  been  removed  and 
three  transverse  incisions  had  been  made.  The  same  operation  was 
performed  on  Drs.  Rosi  iiud  Passogli,  but  by  that  time  the  blood  had 
already  coagulated.  The  blood-soaked  lint  was  left  in  jdace  twenty- 
four  hours. 

The  inoculation  was  macle  February  fith,  and  on  March  3d  Dr.  Bar- 
gioni noticed  a  small  rounded  pajjule  of  a  dark  red  color  which  itched 
a  little;  there  was  no  induration  aud  no  swollen  glands  could  be 
found.  A  week  later  the  jjapule  wjia  the  size  of  a  twenty -centime 
piece  and  was  covered  with  a  scale.  On  the  14th  there  were  two  en- 
larged glantia,  the  size  of  a  walnut,  in  the  axilla;  they  were  painless 
■"lovable.  One  week  later  the  scale  covering  the  papule  had  l>e- 
4cab,  and  beneath  it  was  an  idcerated  surface  with  a  slightly 
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indanted  baae.  The  foUowing  dajs  the  nicer  increased  in  size,  its 
base  became  ftanklj  indmated,  and  the  Deighboring  gUT^Ia  became 
bard,  large,  and  punkas.  On  April  12th  there  appeared  a  trpieal 
ooppM<-<»k>red  eiythema  accompanied  by  oerdcal  adenopathy,  etc 
The  grphilis  followed  its  normal  oonrse. 

This  experiment  removed  all  donbt,  and  it  was  now  shown  that  t 
bealthj  peraon  ooold  acquire  syphilis  by  inoculation  with  the  blood 
cl  a  gjphilitir  individoal.  This  does  not  always  happen,  but  the  two 
{oDorwing  casea  are  an  evidence  that  it  may  occur  clinically. 

The  first  case  occurred  in  the  service  of  Lorain  (Fourchault"). 
On  January  12th  some  fifteen  women  were  revaocinated  in  the  SL 
Adelaide  ward.  The  physician  iierformed  the  operation  in  the 
manner  that  was  then  customary :  The  heifer  was  brought  into  the 
ward,  the  vaccine  was  collected  on  the  blade  of  a  lancet,  and  the  phj- 
Hician  carried  it  to  the  patients'  beds  and  there  vaccinated  them 
in  succession,  each  time  dipping  the  vaccinating  needle  in  the  vacdns 
on  the  lancet.  There  was  thus  a  common  supply  of  virus  for  allthoie 
vaccinated.  One  only  of  the  vaccinated,  who  was  suffering  at  the  (ime 
from  tyijl)oid  fever,  contracted  syphilis.  A  month  after  the  vaccina- 
tion Hhfi  had  a  raised  ulcer  at  the  site  of  one  of  the  points  of  inocda- 
tioii,  (intl  this  was  followed  bj-  a  secondary  eruption  of  syphilis, 
which  was  benign  in  its  course.  The  vaccinifer  was  a  heifer  and 
could  not  be  acoused  of  having  commnnicated  syphilis,  but  the  dis- 
ease was  carrietl,  from  one  of  the  vac^inatetl  having  83  philis  to  an- 
other healthy  woman,  on  the  point  of  the  vaccinating  needle.  Lorain 
hus  related  to  rae  a  similar  case  which  he  has  oljserved  in  his  own 
practice.  It  wtis  that  of  an  old  man  who  was  inoculated  by  the  blood 
of  his  grandson,  twenty-four  years  old,  who  had  syphilis  at  the  time 
and  who  wjis  vaccinated  just  before  his  grandfather. 

We  do  uot  yet  know  during  what  stage  of  syphilis  the  blood  eaa 
serve  to  carry  the  infection,  but  it  is  undoubted  that  at  some  peiiod 
tlio  lilood  of  a  syphiUtic  is  capable  of  ])rodiicing  the  disease  in  an- 
other j)frsou  hy  means  of  inoculation.  Fournier  believes  that  the 
blood  plays  the  chief  role  in  vaccinal  syphilis,  but  tliinks  that  there 
is  un  proof  at  Imud  of  this  l)elief.  I  believe  that  while  the  possibihty 
of  iufectioii  through  iiiocnlation  of  blood  has  been  proven  experi- 
nieutally,  tluit  of  inoculation  through  the  vaccine  lymph  ir*'" — ' 
adraixturo  of  blood  has  not  been  jmived  in  this  clear  manner. 
uotdi-uy  that  vaccine  lymph  may  contain  syphilitic  virus,  but 
no  proof  of  this,  and  the  pi 
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it  is  impossible  absolutely  to  avoid  all  error  in  this  respect.  Depaul 
adviaed  that  vaccine  be  taken  only  from  children  several  months  uf 
age  in  order  to  allow  time  for  the  manifestation  of  an^'  possible 
hereditary  syphilis.  Diday  drew  up  a  table  baaed  upon  one  hundred 
and  fifty -eight  cases  of  hereditary  syphilis  showing  the  period  at 
which  the  lii"st  symptoms  of  the  disease  appeared,  as  follows: 

Under  1  moutb 86 

Between  t  and  3  montlis 45 

IS 

7 

1 

1 

I 

1 

rs    1 

Hereditary  syphilis,  however,  reveals  itself  sometimes  much  later 
than  this  table  would  lead  uue  to  8ui)pose.  In  auy  ciuse,  even  assuui- 
lug  that  this  is  correct,  in  waiting  several  mouths  we  dimimsh  the 
chances  that  the  vaccinifer  is  syphilitic,  but  we  cannot  be  absolutely' 
certain. 

Faccinal  Leproay. — Gairdner"  has  published  a  case  in  whicli 
leprosy  was  communicated  by  vaccination. 

TuhercitJtms. — The  (juestiou  of  the  jiossibility  of  the  trausmissiou 
of  tubereidosis  iu  vacciuatiou  has  occupied  the  atteutiou  of  many  ex- 
perimeutei's.  Vemeuil"  aud  Besuier"  believe  that  the  iuoeulatiim 
of  tuberculnsi.s  iu  the  course  of  a  vacciuatiou  is  possible;  Oliauvejiu'' 
aud  Bollinger'"  regard  it  as  inijirobable;  Straus"  has  sought  iu  vaiu 
for  the  bacillus  of  tubercuhisis  iu  vaccine  lymph  tjiken  from  subject.s 
wlio  were  undoubtedly  tuberculous,  aud  Josseraud  "  aud  Straus  have 
introduced  serum  from  vaccine  vesicles  of  tulwrculous  subjects  into 
the  anterior  chamber  of  the  eye  of  rabbits  and  into  the  peritooeal 
cavity  of  guinea-pigs  without  au\  results  wiiatever.  The  question 
may  therefore  be  stilt  regarded  as  suh  JudiiT,  but  until  it  is  definitely 
settled  we  ought  to  take  all  the  i)recautions  we  would  were  the  possi- 
bility an  acknowledged  fact. 

Animal  Vaccine. 

If  we  bear  in  miud  the  accidents  of  vjicciuatinn  which  wo  have 
just  been  studyiug,  it  wilJ  be  easy  to  see  what  precautious  are  neces- 
sary and  sulficient  to  protect  the  vaccinated  suliject  from  these  coiu- 
^H    icatious.     All  that  is  necessary  is  to  take  the  vims  from  heifers 
^H       ch  are  known  to  be  absolutely  free  from  di.sease  of  any  sort,  io 
^^k  late  on  a  skin  which  has  been  made  a.septic,  and  to  use  instni- 

^^^^^      which  are  surgically  cleau.     It  is  admitted  by  all  authorities 
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of  the  present  day   that  aTiimal   vaccination  is  the  method  which 
should  always  be  employed,  other  proper  precautions  of  course  not 

being  neglected. 

To  Troja  belongs  the  credit  of  first  suggesting  animal  vaccination. 
Others  had,  in  order  to  prevent  degeneration  of  the  virus  or  for  the 
sake  of  scientific  experiment,  inoculated  the  udder  of  the  cow  with 
human  vaccine,  but  Troja's  object  was  entirely  diflFerent.      He  was 
director  of  vaccination  in  Naples,  and  as  early  as  1804  he  r^olarlj 
inoculated  heifers  with  human  vaccine  in  order  to  insure  a  supply  cl 
vims.     He  believed  also  that,  vaccina  not  being  a  disease  proper  to 
the  human  race,  it  would  be  likely  to  degenerate  in  the  coarse  of  its 
passage  through  successive  generations  of  men.     When  Troja  left 
Naples  in  order  to  follow  the  fortunes  of  the  royal  family,  of  whom 
he  was  the  physician,  one  of  his  pupils,  Qennaro  Galbiati,  became 
director  of  the  vaccine  service,  and  in  1810  be  published  a  memoir" 
of  which  the  following  were  the  titles  of  two  chapters:  "1.  Vaccina* 
tion  performed  with  vaccine  from  the  cow  manifests  its  effects  much 
more  energetically,  without  being  more  dangerous  or  less  protective 
than  humanized  virus.     2.  Vaccination  performed  with  virus  from  the 
cow  offers  the  advantage  that  no  other  diseases  can  be  communicated 
by  it. "    Galbiati  affirmed,  as  the  result  of  Lis  observations,  that  there 
is  a  possibility  of  transmitting  syphilis  by  arm-to-arm  vaccinations. 

Galbiati's  successor,  Negri,  continued  at  first  the  methods  of  his 
predecessors,  but  later  advised  direct  transmission  of  the  virus  fnmi 
heifer  to  heifer. 

Dr.  James,  iu  1844,  in  Paris,  withotit  citing  the  Neapolitan  pra*-- 
tice,  of  which  perhaps  he  was  if^norant,  i)rop()sed  the  orgauizjitiou  of 
a  service  of  animal  vjicciuation,  and  this  flourished  for  some  months 
iu  the  Rue  Saiut-Audre-des-Arts.  Public  opinion  was  not  prepareil 
for  this  yet,  however,  esiKwially  as  the  occurrence  of  cases  of  vacc-inal 
syphilis  was  unknown  or  i)ersisteutly  denied.  But  when  Vieunois. 
in  his  thesis  in  IHfiO  jiud  later  in  a  jmper  read  before  tlie  Congress  of 
Lyons  iu  18()4,  had  sliown  the  frequency  and  the  gravity  of  ca.ses  of 
vaccinal  syphilis,  om*  of  the  members  of  the  Congress,  Dr.  Palas- 
ciauo,  recalled  the  fact  that  a  ser\ice  of  animal  vaccination  had 
existed  iu  Naples  since  18()4.  In  con8e(pience  of  this  Lanoix  and 
Chainlw)!!  wont  to  Naples  and  returned  tf>  Paris  to  found  the  first  vac- 
cinal institute  in  France.  Thanks  to  these  workers  and  to  Saint- Yves 
Menard  the  method  of  animal  vaccination  had  l)een  transfornietl.  I 
shall  not  follow  the  various  steps  of  its  evolution,  but  will  simply 
des(!ribe  the  method  as  it  is  employcnl  to-day  iu  the  establishments 
in  Paris,  which  is  practically  identical  with  those  in  use  in  other 
countries. 
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The  chief  coneeru  is  to  obtain  od  calves  an  eruption  which  is 
I>erfectlj  characteristic  iu  its  features  and  regular  in  its  evolution, 
and  tlien  to  collect  perfectly  jmre  vaccine  free  from  anj'  admixture 
with  pathogenic  microbes.  In  order  to  secure  this  it  is  necessary  to 
work  with  absolute  cleanliness  and  to  maintain  perfect  asepsis.  The 
l)am  must  be  as  clean  as  an  ojjeratinj^-room  and  free  from  the  manure 
heaps  present  in  barns  ordinarily,  and  every  daj-  it  must  be  waslied 
out  with  au  abundance  of  water,  cnntaiuinf^  if  necessary  some  anti- 
septic solution.  The  animal's  bed  should  be  of  fresh,  clean  straw  or 
wood-fibre.  The  calves  must  be  tied  in  such  a  way  that  they  cannot 
lick  the  vesicles  and  so  ruj^ture  them.  The  inoculatitm-hall  and  the 
laboratory  must  be  established  so  as  to  be  free  from  the  danger  of 
contamination  of  any  sort. 

In  many  establishments,  aft*'r  the  cowpox  has  l>eeu  cultivated 
for  several  successive  generations,  roinoculation,  retrovaccinatiou  is 
liractised;  that  is  to  say,  heifera  are  inoculated  with  humanized 
vaccine,  ex]>erieuce  having  shown  that  cowpox  degenerates  rather 
rapidly  unless  it  is  passed  through  the  human  organism.  According 
to  Chambon  and  Saint- Y\'es  Menard,  however,  the  cause  of  this 
•legeneratiou  is  not  the  indefinite  cultivation  nu  the  same  soil,  but 
rather  the  admixture  of  strange  microbes,  and  they  believe  therefore 
that  reinoculation  is  useless. 

Calves  should  be  selected  which  are  weaned,  those  aged  from  four 
to  six  months.  Before  inoculation  they  should  be  kept  for  some  time 
in  a  special  barn,  for  having  been  bought  in  the  opeu  market  they 
might  be  infected  with  aphthous  fever,  ]>]europneumonia,  or  some 
other  disease.  Villain,  the  chief  of  the  service  of  mesit  inspection  in 
Paris,  affirms  that  he  has  never  seen  a  tulwrculnus  calf  between  the 
ages  of  four  and  six  months  among  the  753,851  caives  of  this  age 
killed  in  the  abattoir  during  tbe  years  1888-89-'.M),  so  tluit  the  danger 
of  the  transmission  of  tuberculosis  under  these  conditions  would  seem 
to  l^e  excluded. 

Before  being  inoculated  the  animals  should  l>e  most  carefully 
cleaned  with  the  currycomb,  soap  and  water,  and  disinfectant  solu- 
tious.  At  first  inoculations  were  made  only  in  the  mammary  region, 
but  Chambon  soon  extended  the  field  of  inoculation  to  the  entire 
^'""Tacoabdominal  surface.  We  may  in  this  way  obtain  from  one 
n  one  hundred  and  twenty  vesicles,  the  virus  lieiug  no  more 
"  the  multiplicity  of  vesicles  than  is  that  of  confluent 
i«e  the  pustules  are  numerous.  The  field  of  inocula- 
and  washed  with  a  three-iier-cent.  boric-acid  solution 
f  sublimate,  1  :  2,000.  The  inoculation  is  made  by 
ns,  or  scarifications,  and  a  drop  of  vaccine  is  placed 
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at  this  point;  incision  appears  to  be  preferable,  for  it  gives  rise  to  a 
larger  vesicle  and  consequently  to  a  greater  amonnt  of  lymph. 

The  following  is  the  description  of   Chambon  and   SaiQt-Yv<>« 
Menard  of  the  evolution  of  cowpox  when  inoculation  has  been  pnu-^ 
tised  by  means  of  an  incision :  "  The  first,  second,  and  third  days 
after  that  of  the  inoculation  are  days  of  incubation,  daring  which  tb» 
wounds  cicatrize  more  or  less  completely  but  without  any  objectiTe 
symptoms.     The  healing  is  so  perfect  that  we  may  be  led  to  doubt 
whether  the  vaccination  has  been  effectual  or  not.     If  any  redness  or 
swelling  appears  at  this  time  we  regard  it  as  a  sign  of  impurity  of 
the  vaccine.     On  the  fourth  day,  however,  the  appearance  of  a  alight 
redness  and  of  a  moderate  swelling  is  a  normal  occurrence,  and  the 
line  of  the  original  incision  is  now  bordered  by  two  white  lines.    On 
the  fifth  day  these  lines  become  a  silvery  gray  zone  formed  by  an  el«^ 
vation  of  the  epidermis  and  limited  by  a  red  border.     The  pustule  is 
very  distinctly  marked  off  and  it  presents  a  longitudinal  depression 
corresponding  to  the  original  incision.     On  the  sixth  day  the  size  of 
the  lesion  is  increased  and  the  white  border  is  enlarged  and  tense. 
On  the  seventh  day  the  pustule  has  reached  its  maximum  of  develoiv 
ment,  and  this  is  the  last  day  that  the  heifers  can  be  utilized  as  var^ 
cinifers.     The  following  days  the  pustules  become  flattened,  their 
surface  becomes  wrinkled  and  dried  and  is  transformed  into  a  8c*b, 
at  first  yellowish  and  then  blackish ;  this  is  detached  on  the  sixteenth 
or  seventeenth  day,  leaving  an  oval  cicatrix.     AMien  the  iuoculatiou 
hiw  been   well   done  the  develojnneiit  of    the  pustules   is    uuifrrm 
throughout  the  entire  vacciuiU  field.     The  evolution  of  the  vatvine  i< 
not  acconipHuiod  by  any  appreciable  general  reaction,  hut.  <m  the 
other  hand,  there  is  always  a  very  marked  swelling  of  a  8ul>oiitaueous 
lyniphiitic  gland  alxivo  and  l)ehind  the  field  of  vaccination." 

I'lifortuuatoly  it  h!ii)])ens  ([uito  often  <>veu  in  the  best-regulatt-^l 
vaccine  establishments  that  the  erui)tiou  l)econies  mcxlified  and  thf 
virus  lo.ses  sonu^  of  its  strength.  lu  order  to  avoid  what  has  \^n 
called  tlie  " i)unileuce"  of  the  vaccine  many  i)rocedures  lmv«-  li.-.u 
recoinnieiulcMl.  Cliambou  and  Saint-Yves  Menard,  in  a  series  of  i  x- 
p(>riineuts  made  in  collaboration  with  Strans  in  lS80-tK),  found  th.it 
lymph  taken  from  sliglitly  abnorinal  lesions  did  not  crmtaiu.  .is 
Pounjuier,  of  Mont|)ellier,  thought,  a  "  parasite  of  c«)wi«)x,"  hut  rath-^r 
a  large  ooll(H'tioii  of  strange  microbes.  They  believed  that  th«-<«- 
microl)es  increased  in  number  with  each  generation  and  finallv  om  r- 
I)owered  tiie  as  yet  niiknown  organism  in  which  resides  the  sixH-in 
virulence  of  the  vaccine.  FoUowing  up  their  experiment.s,  tlu-se  <•!- 
servers  discovered  what  they  regarde<l  as  a  certain  means  of  sooiirii.- 
a  l.\iii|ili  coni|)letely  free  from  any  foreign  microbes  and  cai>ablo  •  - 
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iuvariably  reprodnciDg  a  most  pure  vaccine.  TLey  remarked  tkat 
wlieu  the  seed  vareine  had  by  chanee  been  kept  fonr  or  five  weeks  it 
seemed  tn  produce  a  iimre  beautiful  eruption,  and  pursuing  their  in- 
vest i^;atioii8  they  found  that  the  ylyeerinized  pulp  which,  when  used 
fresli  ^-avp  indiflferent  results,  would  ]>rnduce  a  fair  lesion  if  used  at 
the  end  of  two  weeks,  and  a  typical  eruption  when  kejtt  for  forty, 
fiftv .  or  sixty  days.  They  believed  that  this  improvement  was  due 
t<i  the  gradual  destruction  of  the  parasitic  microbes  thioiigli  the 
action  of  the  glycerin  and  of  time,  and  Straus  proved  the  tnith  of 
this  exiilauation  by  means  of  plate  cultures  of  the  glycerinized  iympli 
at  dift'erent  agcH.  The  siiwing  of  the  fresh  pulp  gnvf^  numerous 
colonies  of  microbes  of  various  kinds,  amimg  wiiich  were  found  the 
8tai)hy lococcus  pyogenes  aureus  and  the  staphylococcus  albus,  while 
sowing  of  the  glyceriuized  jiulji  fifty  or  sixy  days  old  showed  that  it 
■was  absolutely  sterile,  intermediate  specimens  giving  fewer  and  fewer 
colonies  in  direct  proportion  as  they  were  older. 

I  need  not  enter  here  into  the  details  of  the  processes  emj)loyed 
in  the  collection  of  tlie  vaccine,  for  the  technitjue  of  this  concerns 
only  the  directoi-s  of  vaccine  estiiblishments.  I  may  say,  however, 
that  there  has  been  au  enormous  progress  made  in  the  jireparatitm 
of  animal  vaccine  and  that  its  preservation  is  now  assui'ed  by  the 
addition  of  glycerin.  The  eft'ect  of  the  glycerin  is  to  jirevent 
jmtrefaction  of  the  (U'gauic  matters  ctintained  in  the  vaccinal  lym]>h 
and  to  jireserve  the  vitality  nf  the  specific  principle  of  tlie  virus. 
The  prepared  lymph  is  enclosed  in  tulws  1  mm.  to  1.5  mm.  in 
tliameter,  the  ends  of  which  are  sealed  in  the  flame.  Well-pre- 
pared gl\ceriniised  vaccine  inilj)  preserves  its  activity  over  a  year 
(Deschamps"),  e9]>ecially  if  care  be  taken  to  keep  the  tubes  at 
a  temperature  Ijelow  15°  C.  (59"  F.). 

Indications  and  Contraindications  of  Vaccination. 

From  what  has  been  said  we  see  that  it  is  possible  now  to  employ 
an  alwolutely  pure  animal  vaccine,  so  tluit  there  need  be  no  danger 
■whatever  of  transmitting  any  disease  sudi  as  syphilis,  sej>tica>uiia,  or 
the  like.  As  the  bovidje  are  very  subject  to  tuberculosis  we  may  yet 
fear  the  inoculation  of  this  disease,  but  Straus  has  shown  how 
imprnlmljle  this  is,  and  Villain's  statistics  have  demonstrated  tiie 
fact  that  tuberculosis  is  very  rare  iu  calves  l)etween  the  ages  of  four 
d  six  months.  We  may,  however,  go  still  further,  and  obtain  an 
ite  security.  The  animals  which  have  served  as  vacciuifem 
^^B  immediately  sLiughtered,  the  vaccine  olttained  from  them 
I  pt  several  months  and  not  employed  until  an  examination  of 
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the  Blauglitered  animals  had  shown  that  there  was  no  trace  of  tuber- 
culous trouble  in  any  of  the  organs. 

We  maj'  then  be  absolutelj-  sure  that  the  vaccine  furnished  by  the 
animal  ia  pure,  and  elementary  antiseptic  measures  will  insure  tlmt 
no  foreign  and  pathogenic  oi^anism  viiu  enter  during  or  subsequeut 
to  the  slight  operation.  ^Tiatever  instrument  is  employed  it  sLoulii 
be  made  aseptic  by  passing  through  a  flame  each  time  beiore  beiuR 
used  to  vaccinate  another  peraou.  Always,  except  in  case  of  gtttX 
emergency,  animal  vaccination  should  be  employed  in  preference  to 
the  arm-to-arm  method. 

Age,  sex,  and  season  maji'  be  invoked  in  special  cases  as  contrain- 
dications to  vaccination,  but  in  maternities  the  children  are  vac- 
cinated a  few  days  after  their  birth,  whatever  the  season  of  the  year, 
and  no  trouble  has  ever  resulted  from  this  practice. 

With  the  exception  of  certain  akin  affections  in  which  the  danger 
of  aut<iinoculation  may  exist,  intercurrent  diseases  offer  no  contra- 
indication to  vaccinatiou.  According  to  Trousseau  a  preexisting 
scarlatina  will  aiTest  the  development  of  the  vaccina  until  (La 
primary  ilisease  is  over,  and  then  the  effects  of  the  vaccination  pur- 
sue their  regular  course. 

Vaccination  during  the  incubative  jwriod  of  smallpox  exerts  ai 
injurious  effect,  but  on  the  contrary  seems  sometimes  to  influenw 
favorably  the  course  of  the  disease.  The  physician  ought  thertfor*- 
to  pay  no  attention  to  the  [fcpular  prejudice  which  would  fnrbiii 
vaccination  during  an  epidemic  of  variola. 

\Mieu  a  child  hits  a  U!e%^s  it  has  Ijeen  advised  to  vaccinate  on  it, 
the  number  of  insertions  corresponding  to  the  size  of  the  tumor,  as 
the  cicatrization  of  the  pock  causes  a  contraction  of  the  blood-vesseh 
and  sometimes  leads  to  the  disappearance  of  the  vascular  growth. 

Methods  of  Vaccination. 

After  having  made  the  field  of  operation  aseptic  we  must  look  to 
the  absolute  surgical  cleauliuess  of  the  instrument  to  be  employed. 
It  is  of  little  cnn8e<juence  whether  we  use  a  lancet,  a,  needle,  or  tLr 
metiiliic  pen  called  the  vacciuoatyle ;  but  we  must  cause  the  vaccine  t-^ 
peuptr.ite  i>cupath  the  ei>idermis,  must  avoid  causing  the  little  wouni' 
to  biped,  and  innst  see  that  the  wound  is  not  contaminated  after  lh< 
vaccination.  \Miethcr  we  employ  incisions  or  scarificati<^n  we  shooli 
not  make  the  insertions  too  close  together,  separating  them  bv  abooJ 
an  inch. 

The  custom  is  to  make  tlie  inoculation  on  the  arm  at  about  tin 
point  of  insertion  of  the  deltoid.     Some  mothers,  in  order  to  av 
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lUsfigoring  scar  ou  the  arm,  ask  to  liave  their  daughters  vaccinated 
on  the  thigh  or  calf  of  the  leg,  and  ordinarily  this  wish  may  be 
respected  \»-ithout  any  harm.  We  should  remember,  however,  that 
there  is  some  danger  in  the  case  of  an  infant  that  the  vaccination 
wound  may  be  soiled  by  urine  or  fteces,  and  we  therefore  should  be 
very  careful  to  cover  the  points  of  inoculation  with  a  gootl  dressing 
and  to  impress  upon  the  mother  the  necessity  of  seeing  that  this 
dressing  be  not  disturbed. 

Of  late  years  vaccination  by  scarification  has  been  strongly  recom- 
mended, but  I  do  not  believe  that  it  is  any  better  than  the  old  method 
of  incision.  If  the  new  method  be  used,  however,  care  should  Ik3 
taken  that  the  lines  of  scarification  should  not  exceed  2  or  8  mm.  iu 
length ;  an  objection  to  them  is  that  they  demand  a  greater  manual 
dexterity  than  does  the  old  firactice  of  insertion  of  the  virus  through 
a  minute  incision  or  puncture. 
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We  may  define  mumps  as  an  infectious,  conta^oos,  epidemic 

disease,  attiickiug  by  jirefereuce  youu^;  Hubjecte,  localized  in  the  sali- 
vary glands,  especially  the  parotid,  but  affecting  the  entire  economy 
after  the  manner  of  the  general  diseases. 

Mumps,  called  iu  Freni-h  m-cIUous,  uurles,  Ji^rre  onrlieitne,  parotide 
fpidhiuqiie,  has  also  Ijeeu  dfsi^^ujited  at  various  times  parotis,  i>aro- 
titis,  parotiditis,  cynaneln-  parotides,  angina  maxiUariB,  angina  ex- 
terna, a  diversity  of  ajjpellations  wliich  has  no  other  value  than 
as  witneiisiug  to  the  confuaiou  which  has  long  reigned  in  medical  no- 
sology. 

History. 

Mumps  is  a  ilisea.^e  of  very  aucieot  lineage,  our  knowledge  of  it 
going  back  to  the  farthest  medical  antiquity,  as  witness  the  very  dear 
description  given  of  it  in  the  works  of  HipiKxrates' :  "  Sicellingis  &\>- 
peared  behind  the  ears,  in  many  on  nue  side,  in  most  on  both,  with- 
out a  Fever  or  any  ooufiuemeut.  but  iu  suine  with  a  little  Fever.  In 
all  they  disappear'd  without  either  inconvenience  or  suppuration, 
contrary  to  the  custom  of  such  tumors  from  other  causes.  At  this 
particular  time  they  were  naturally  soft,  large,  diffus'd,  without  in- 
flammation or  ])ftin,  and  went  off  universally  without  any  visible 
signs.  Children,  young  y>ersons,  adults,  esf>ecially  those  who  fre- 
(jueuted  the  jmblic  places  of  exercise,  were  m<jst  subject  to  them.  A 
few  women  were  also  affected.  The  greatest  part  had  dry  Con'j/is, 
which  were  socju  succeeded  l»y  H'xinniie»Hes.  Some  again  after  a  while 
ha«l  iKiiiifiil  P/dfjiHoim  iijttjii  l/iv  TifificleJi,  sometimes  ujKjn  one,  s^ime- 
times  upon  both.  Some  had  fevers,  otliers  none;  most  of  'em 
trouble  and  fatigue  enough :  but  with  respect  to  the  ihinii'jlrtd  part 
they  did  very  well." 

After  the  time  of  Hipi>ocrates,  however,  the  clinical  knowledge  of 
mumps  was  lost  for  ages.  Our  great  surgeon,  Ambroise  Pare,  did 
not  distinguish  cases  of  mumjts  from  those  of  secondary  jiarotiditis, 
and  even  confounded  them  with  adenopatliies  in  neiglilx<ring  regious. 
"Parotiditis,"  he  wrote,  "is  an  unnatural  swelling  involving  the 
glands  and  neighboring  parts  which  are  Ixdow  the  ears."  The  same 
j     confusion  is  noted  in  the  writings  of  Sennert,  Van  Swieten,  J.  Ca- 


556  COMBT— KUMPS. 


puron,  and  others.    Every  perianrioalar  Bwelling  was  called  parotia: 
"Est  enim  parotis  Klandnlanun  jazta  anres  inflammatio."     J.  Car 
jmton  errs  even  more  widely  from  the  truth :  "  We  give,"  he  says,  "  the 
name  of  oreillons  to  the  swelling  of  the  parotid  glands.     Tmnon  of 
this  sort  are  almost  always  produced  by  the  process  of  dentitioo,  or 
by  a  sudden  drying  up  of  ulcerated  or  suppurating  ears ;  they  depend 
also  sometimes  upon  a  scrofulous  vice ;  they  are  accompanied  or  not 
by  fever  according  as  there  is  a  simple  swelling  or  an  inflammation 
of  the  glands."    This  quotation  shows  that  the  notion  of  mnmps  held 
by  physicians  of  the  first  quarter  of  this  century  was  a  very  confused 
one.    The  Eippocratic  description  was  a  dead  letter  so  far  as  con- 
oemed  most  of  the  physicians  of  this  epoch.    Nevertheless  some 
physicians,  even  in  the  preceding  century,  had  felt  and  expressed  a 
part  of  the  truth  in  the  presence  of  epidemics  of  mumps.     Hamilton 
(epidemic  in  Scotland  in  1761)  had  a  quite  correct  idea  of  the  disease 
and  noted  the  occurrence  of  orchitis  and  of  testicular  atrophy  as 
sequelae  of  mumps.    Mangor  (epidemic  of  Wiborg  in  1773)  asserted 
that  the  affection  was  contagious.     Numerous  epidemics  observed  in 
Italy  in  the  course  of  the  eighteenth  century  established  this  question 
of  contagiousness  beyond  doubt,  and  the  accounts  left  us  by  Gaspari 
(Istria,    1714),    Targioni    Tozzetti    (Florence,    1762),    and    Laghi 
(Bologna,  1753)  did  much  to  elucidate  the  question  of  oontagioos 
and  epidemic  jMurotitis. 

J.  Pratolongo,  who  had  studied  an  epidemic  of  mnmps  in  Genoa, 
wroto  to  Borsieri  iu  1752  a.s  follows :  "  The  only  disease  which  we 
can  regard  as  epidemic  in  Genoa  at  present  is  that  which  we  call 
mum]>8.  In  addition  to  the  swelling;  of  the  i)an)tiil8  we  liave  seen  in 
some  i>atieDts  an  enlargement  of  the  testicles  together  with  a  violent 
fever.  In  others  this  swelling  of  the  parotids  was  followed  by  an 
anasarca  siioli  )us  sometimes  Hui)ervenes  ujM)n  an  attack  of  scarlatina, 
accompanied  l)y  great  difficulty  in  breathing  and  a  sharp  fever.  I>o 
you  think  that  we  could  class  this  disease  among  the  eruptive  fevers  ?" 

This  o]>iiii(>n  was  adopted  by  Trousseau,  Colin,  Laveran,  and  all 
who,  se«»ing  much  of  niumi)s,  were  not  slow  in  recH)gnizing  the  sjieoifir 
natun>  of  the  disease.  I  have  dwelt  at  length  on  this  point  in  a  re- 
cently i>nl)lislied  monograph,'  and  we  may  say  that  to-day  there  is 
but  <me  opinion  c<mcerning  the  nature  of  mumi)s. 

Geographical  Distribution  and  Epidemics. 

Parotitis  (H'curs  at  all  seasons  and  in  all  countries.  It  was  once 
thought  tliat  ninni]>s  did  not  (nrur  in  the  trojiics,  but  this  was  only 
because  the  disease  lacked  an  historian  in  these  regions,  for  it  is 
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fomiil  every  wliere.  Contagion  ia  the  sole  factor  in  the  distribation 
of  the  uialatly,  climatic  iuflueuces  counting  for  nothing  in  this  re- 
K£iect.  Introdnce  mumps  into  a  regiment,  and  whether  this  regiment 
Ije  iu  garrison  in  Loudon,  Malta,  Calcutta,  or  Singapore,  the  propa- 
gation of  the  malady  will  be  precisely  the  same,  and  the  uumber  of 
^ctims  will  be  influenced  in  not  the  slightest  degree  by  the  temi)era- 
ture. 

This  is  not  a  theoretical  statement  merely,  for  proofs  exist  in 
aliuudauce.  Laveran  says  that  mumiis  is  as  common  in  Algeria  as 
iu  France,  if  we  may  judge  by  the  medical  statistics  of  the  French 
army.  During  the  four  yeare  1862 -<15  the  number  of  patients  atl- 
mitted  t<j  hospital  for  treatment  for  mumi»8  was  for  the  garrisons  in 
France  'iH^^,  for  those  iu  Algeria  122,  and  for  those  iu  Italy  7.  "The 
effective  of  the  troo|)8  iu  Frauce  for  this  period  being  five  or  six  times 
that  of  the  troops  in  .\lgeria,  we  see  that  mumps  cK-curred  with  as 
great  freinieucy  iu  .\lgeria  as  in  Franc*."  These  figures  also,  ailds 
Liiverau,  give  but  a  faiut  idea  of  the  frequency  of  mumi>s  in  the 
army,  siuce  they  refer  only  to  those  patients  who  were  treated  iu 
the  hospit^d,  but  moat  of  the  men  suflFeriug  from  mumps  are  treattnl 
in  the  infirmaries.  During  a  periotl  of  eleven  years  from  18<i2  to 
1874  (the  years  1H70  and  1K71  being  escei)te<l)  we  find  but  one  death 
due  to  mumps  in  the  army  iu  .-Ugeria. 

Thierry  de  llaugras  rejiijrti  74  cases  of  mumi>8  during  an  epidemic 
which  attacked  a  columu  1,200  strong  returning  to  Ma.scani,  aud 
Widal  saw  33  cases  amoug  the  memljers  of  the  87th  regiment  at  Mili- 
anah,  rme-half  of  the  caies  being  c(»m]>licated  with  orchitis. 

Leaving  Africa,  we  find  the  disease  prevailing  in  eniigraut  sliijis 
in  Imlia.  Daugaix  iu  two  voyages  from  the  East  to  the  West  Iudi<s 
reported  88  aud  147  cases  resjiectively  occurring  nu  the  vessel  a  we.'k 
after  departure.  Huiller  hfis  uoted  the  fre<jupucy  of  mumps  at  Pou- 
dicherry.  Jobard  relates  the  history  of  two  epidemics  occun-ing 
amoug  the  Indian  emigrants  on  boanl  the  Contesf  (8.3  case«  among 
471  passengers)  aud  the  Meihmi  (67  cases  amoug  512  pas.sengers). 
On  the  first  of  these  vessels  the  epidemic  declared  itself  five  da^'S  and 
on  the  other  twenty-three  days  after  sailing  from  Earikal. 

The  disease  prevails  no  less  in  the  United  States,  and  the  statis- 
tics of  the  Civil  War  show  us  that  parotitis  is  as  common  there  as  in 
Europe.  During  the  first  year  f»f  the  war  there  were  11,216  cases 
with  9  deaths,  in  the  second  year  13  'rt  deatlis.     Tliis 

relatively  high  mortality  leads  Ix  atistics.  and 

I  am  inclined  to  agree  with  hi  arotitis  of 

another  nature  were  included  i 

Parotitis  usiiallv  occurs  cum- 
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scribed  to  rather  limited  areas,  colleotions  of  young  people,  aa  thaw 
in  schools  and  garrisons,  feeding  snoh  epidemics  for  the  most  put 
The  disease  accidentally  introduced  into  sooh  a  favoraUe  loeslity 
quickly  spreads,  but  it  often  spends  its  force  in  one  place  without 
spreading  outside.  The  i>ower  of  expansion  of  mnrnps  is  thereon 
not  comparable  to  that  of  measles,  variola,  whooping-oough,  or  in- 
fluenza. The  cont^ousness  of  the  malady  is  nndeniaUa  bat  it  is 
restricted,  as  we  may  see  clearly  by  a  study  ci  epidemics  of  the  dis- 
ease. Thus  we  have  histories  of  very  many  epidemics  in  which  the 
disease  was  limited  wholly  to  single  schools,  orphan  asyloms,  or 
garrisons.  Sometimes  the  mumps  remains  confined  to  one  regiment, 
sometimes  it  spreads  to  the  other  troops  in  garrison  while  not  attain- 
ing the  civilians  of  the  place,  although  it  may  extend  to  the  town 
outside  of  the  garrison. 

In  exceptional  instances  the  disease  may  extend  far  and  wide, 
Laveran  having  reported  cases  in  which  mumps  spread  thronghoot 
entire  provinces.  In  1714  an  epidemic  of  mumps  extended  through- 
out Istria ;  in  1753  it  invaded  Bologna,  Ferrara,  Mantua,  the  "MWynhffi^ 
and  Bome;  in  1782  Northern  Italy  (Milan,  Turin,  Oenoa)  was  at- 
tacked; in  1786-87  Trevise,  Yicenza,  Verona,  Yenioe,  and  Padua; 
in  1826  Saxony;  in  1829  the  canton  of  Zurich;  in  1835  Treves  and 
Diisseldorf;  in  1841  Cologne  and  its  environs;  in  1861  and  1856 
Sweden.  In  an  epidemic  which  prevailed  in  Geneva  in  1848-49  the 
neighboring  cantons  were  invailed. 

It  lias  been  stated  that  mumps  occurs  more  frequently  in  winter 
than  in  summer.  Out  of  117  epidemics  Hirsch  found  51  occurring 
in  winter,  32  in  the  spring,  15  in  summer,  and  19  in  the  autumn. 

Pathological  Anatomy. 

Mumps  is  not  a  fatal  affection,  and  consequently  the  occasions  of 
studying  the  lesions  of  the  disease  are  very  rare.  Virchow  believes 
that  in  mumps  there  is  an  inflammation,  ordinarily  catarrhal  and 
seldom  suppurative,  of  the  ducts  of  the  parotid  glands.  On  the 
other  Iiaud  Trousseau  and  Cadet  de  (^assicourt  assert  that  the  lesions 
do  not  proceetl  beyond  hypersemia  and  congestion,  and  they  distin- 
guish sliarply  between  epidemic  mumps  and  the  parotiditis  secondary 
to  infectious  diseases. 

In  the  case  of  a  soldier  who  died  of  cedema  of  the  glottis  during 
an  attack  of  mumps,  Jacob  found  the  following  lesions :  The  actual 
sulmtance  of  the  parotid  and  submaxillary  glands  was  not  increased 
iu  size,  but  their  cellular  atmosphere  was  filled  with  a  greenish, 
transparent,  gelatinous  fluid  which  gave  to  the  tissues  a  lardaoeous 
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cousisteuce.  A  microscopical  examinatioD  made  by  Banrier  shoved 
Deither  indammation  of  tbe  ^laods  nor  lesion  of  the  neighboring 
lymphatic  ganglia.  The  epithelium  of  the  salivary  docts  was  intact, 
tbere  was  uo  cellular  proliferation,  and  the  interacioous  oonnectiTe 
tisAue  was  not  OKlematons.  The  oedema  was  glottic  and  periparo- 
tidean  solely.  In  simple  cases,  then,  there  is  no  inflammation  of 
the  ])arotid  gland,  but  there  doabtless  is  in  cases  complicated  with 
suppuration.  Here,  however,  there  is  a  secondary'  infection  added 
to  the  parotid  trouble. 

The  lesions  of  the  testicles,  which  are  so  often  affected  in  moiDps, 
have  been  made  tbe  object  of  special  study.  Beclns  found  the  testicle 
soft,  Haccid,  and  atrophied.  The  tunica  albnginea,  too  laif^e  for  tl>e 
shrunken  gland,  was  wrinkle<!,  and  the  substance  of  tbe  testicle  itself 
wiw  liloodless,  opaline,  and  of  a  milky  whiteness.  On  section  the 
surface  was  smooth,  tbe  seminiferous  tubules  were  faintly  roariced, 
and  although  they  could  stiU  be  unrolled  they  were  very  soft  and 
quickly  broke.  The  hi!;t<jlogical  examination,  made  by  MilmwPT, 
showed  that  the  intereanalicular  connective  tissue  was  not  thickened, 
and  the  vessels  were  healthy ;  the  seminiferoos  tnbalee  were  dimin- 
ished in  volume  Cifl  to  120  /',  instead  of  1.50  to  200  ■•) ;  the  out^r  coat 
of  the  tubes  was  unchanged  but  the  inner  tunic  was  thickened,  the 
e]iithelium  was  gone  and  the  tubes  were  converted  into  simple  cords. 
According  to  Reclus  tbe  lesion  was  a  parenchymatous  sdemsis  of  the 
testicle. 

Quinquaud  has  made  a  chemical  study  of  the  blood.  He  found 
that  tbe  bjpmoglobin  was  but  little  altered,  Ijeing  normal  in  amount 
or  perhaps  reduce<l  to  110  per  1,000;  the  albumin  was  diminished  in 
amount  possibly  even  as  far  as  to  65  gm.  per  1,000  or  lower;  the 
fibrin  to  from  3  to  5  gm. ;  while  the  prrxlucts  of  disassimilation 
were  increased  to  8,  12,  or  14  gm.  There  was  but  little  increase  in 
the  proportion  of  urea. 

GrifEtbs  has  found  a  ptomain  in  the  urine  which,  when  injected 
into  a  cat,  caused  death  after  convulsions  and  the  suppression  of  tbe 
salivary  secretion. 

Bacteriology. 

''^  presents  all  the  appearances  characteristic  of  an 

it  is  verj-  natural  that  search  should  have  Fj«m 

those  suffering  from  the  disease  for  a  specific 

ly  as  1881,  in  a  communication  made  to  tbe 

is,  Capitan  and  Charrin  announcd  tbe  di»- 

s  in  six  pupils  of  the  Polytechnic  ScbocJ 

mamps.     These  microbes,  found  in  tbe 
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blood  and  occasionally  in  the  saliva,  were  for  the  most  part  spherical, 
sometimes  in  the  shape  of  elongated  mobile  rods.  "  There  was  never 
anything  in  the  urine  and  seldom  any  distinct  forms  in  the  saliva, 
bat  the  blood  contained  a  very  large  number  of  microbes,  most 
abundant  during  the  height  of  the  disease  and  diminishing  gradually 
as  convalescence  supervened,  but  becoming  very  markedly  less  nu- 
merous in  those  cases  in  which  orchitis  occurred."  These  microbes 
had  variable  forms,  rods  2  /'  in  length  by  ^ ,"  in  thickness,  and  micro- 
cocci, single,  double,  or  in  chains.  Cultures  were  made,  but  inoi-a- 
lations  in  dogs,  rabbits,  and  guinea-pigs  gave  n^ative  results. 

In  a  case  reported  by  Karth,'  Bouchard  found  bacteria  in  the 
saliva  from  Steuo's  duct,  and  also  in  the  urine  which  contained  al- 
bumin. Later  Ollivier*  confirmed  the  researches  of  Capitan  and 
Gharriu.  In  the  case  of  a  boy,  eleven  years  old,  an  examination  of 
the  saliva  showed  bacilli  and  micrococci  in  the  midst  of  epithelial 
cells  and  leucocytes.  These  micrococci,  single  or  united  in  twos  and 
fours  or  in  zougloea  masses,  were  not  more  than  }  /<  in  diameter.  They 
were  found  also  iu  the  urine.  Nothing  similar  was  found  in  two 
other  children  who  were  not  suffering  with  mumps.  In  two  other 
children  affected  with  mumps  the  saliva,  blood,  and  urine  contained 
micrococci,  diplococci,  and  shoi-t  and  mobile  bacteria.  These  ele- 
ments disappeared  after  recovery.  Boinet  found  similar  micrococci 
in  fifteen  patients  with  mumps.  Bordas,  on  the  other  hand,  found  no 
micrococci  in  the  Mood,  but  a  bacillus  (bacillus  parotidis)  which 
wns  soinetimos  t'lilaiKed  at  ejich  extremity,  und  occasionally  iissuuud 
the  form  of  uu  S  or  a  V  before  division.  Wlieu  the  culture  me^liuin 
was  poor  tijcrc  was  a  spore  formation.  The  bm-illus  was  quite  resist- 
ant at  ordiuary  teini)oraturos,  but  su('cuml)ed  at  (10°  C.  (140'  F.).  tlio 
spores  rosistiiiK  up  to  DO'  C.  (194°  F.).  Sublimate  and  boric  mid 
destroyed  tlio  bacillus,  but  iodoform  did  not.  Bordas  believes  that 
the  saliva  is  tho  true  vc^hido  of  contagion,  and  that  the  disea.se  d«^ 
velops  only  after  the  deposit  of  spores  iu  Steno's  duct. 

Tlie  more  recent  researches  of  Laveran  and  Catriu  liave  advauce^l 
greatly  our  kuowledgo  concerning  tlie  bacteriohigy  of  mumps.  These 
investi^atious  and  tlieir  results  are  thus  described  byCatrin':  "In 
189'2,  in  my  service  of  contagious  diseases  at  Val-de-Gnice  there  came 
a  large  nnmlx'r  of  <'ases  of  mumps,  and  Laveran  and  myself  thought 
it  would  1h'  o])])ortuno  to  study  these  cfises  bacteriologically.  \V.- 
examined  not  only  the  blood  but  also  the  serous  fluid  from  the  parotid 
gland  ami  the  neiglilM)ring  parts,  from  the  testicle,  and  from  th.' 
anleiiia  in  certain  paHs,  and  also  the  articular  fluid  in  certain  «-.ises 
of  rheumatism  complicating  mumps.  These  re.searches  were  of  the 
most  simjile  character,  and  our  resiilts  have  since  l)een  coufiruitHl  by 
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others  in  the  case  of  adalts.  The  puncture  of  the  oi^ans  or  cellular 
tissue  was  made  by  means  of  a  fine  needle  fitted  to  a  hypodermic 
syringe.  Antiseptic  precautions  were  eraiiloyed,  and  no  accident  was 
caused  by  the  simple  operation;  indeed,  the  puncture  in  certain  cases 
seemed  to  have  a  beneficial  therapeutic  eiTect,  especially  by  way  of 
relieving  the  pain  in  cases  of  testicular  coruiilicatious. 

"  Of  ninety -five  cases  which  formed  the  basis  of  our  studies,  we 
obtained  positive  results  in  sixty -seven.  In  thirty -nine  out  of  fifty- 
six  times  we  obtained  pure  cultures  by  puncture  of  tlie  parotid 
glands,  twice  the  cultures  were  inijmre,  and  fifteen  times  no  result 
was  obtained.  These  negative  results  luay  )>6  explained  by  the  oc- 
casional absence  of  any  fiuid  in  tlie  organ,  so  tliut  the  plates  were 
sown  merely  with  the  sterilized  water  contained  in  the  needle.  In 
most  cases  the  amount  of  fluid  extracted  did  not  exceed  a  few  drops. 

"The  testicular  fluid,  on  the  otlier  baud,  almost  constantly  gave 
positive  results,  that  is  to  say,  twelve  out  of  sixteen  experiments ;  the 
fluid  removed  from  points  of  localized  cedenia  gave  a  positive  result 
in  all  the  cases  examined  (three),  and  the  same  is  true  in  the  two 
cases  in  which  fiuid  from  a  swollen  knee-joint  was  examiuixl. 

"In  ten  out  of  fifteen  examinations  of  the  blood  while  fever  was 
present  the  same  microorganisms  were  found  as  in  tbe  fluid  remoA'ed 
from  the  various  organs.  We  found  tiie  microbe  two  and  oven  three 
weeks  after  apparent  recovery  from  muIU]^H,  a  fact  which  serves  to 
explain  the  rare  instances  of  contagion  during  convalescence.  After 
a  month  had  elapsed  our  researches  were  always  negative  in  their 
results. 

" In  the  pus  of  an  aliscess  of  the  nock  which  formed  in  one  of  our 
cases,  we  found  a  pure  culture  of  Htjiiihylucuccus  pyngenes  aureus 
which  resemliles  in  no  v,'ay  the  microbe  discovered  by  us  in  the 
parotid  glands. 

"The  organisms  found  by  us  were  micrococci,  usually  arranged 
in  pairs,  sometimes  in  f(nu-H,  and  rarely  in  zoiigloea  masses.  These 
cocci  measured  from  one  to  one  and  a  half  microiuillimctres  in 
diameter;  they  were  mobile  Ijut  not  markedly  .sf^.  Tbey  were  colored 
readily  with  the  ordinary  stains,  but  unlike  streptococci  and  staphylo- 
cocci they  did  not  receive  (rram's  staining.  Tiie  bouillon,  kept  in 
an  oven  at  35°,  sliowed  eiiaiiges  at  tlio  end  of  from  twenty  to  twenty- 
four  hours,  and  these  increased  markedly  later.  Colonies  on  gela- 
tin plates  did  not  ajipear  until  the  expiration  of  forty-eight  lionrs; 
they  were  punctiform,  white  in  color,  grew  slowly,  and  lirjuefied  also 
very  slowly  and  tardily.  In  stab  cultures  the  colonies  developed  as 
very  minute  pearls  along  the  track  of  the  i>uncture;  lir|uefaction  Ije- 
gan  at  the  surface  and  proceeded  very  slowly.  On  potato  the  whit- 
Voi,.  XIII. -38 


COMBT — S 

1  ciiltare  was  scarcely  apparent,  but  it  was  more  sa  on  eiurot. 
I  whitisL  culture  on  serum  preaentod  no  iieculiarities. 
'We  could  not  expect  very  conducing  inoiulation  ©xperiiiientii, 
De  no  knovn  animal  except  the  liors&  (?)  is  susceptible  to  mumps, 
xmtaneous,  interperitoneal,  and  intravenous  injections  gare  uair 
ative  results  in  guinea-pigs  and  rabbits.     Injections  into  tbo  con* 
tive  tissue  caused  no  reaction,  but  tliose  into  the  testicle  excit«i  a 
jry  acute  orchitis  of  short  duration,  ending  in  recovery  by  the  end  of 
reek.     These  last  experiments  were  made  in  rabbits  and  dofjp«,  but 
wo  were  uuable  to  follow  up  the  animals  long  enough  to  «ee  whether 
testicolar  atrophy  snper^*ened.     In  whit*  mice  four  out  of  twenty- 
six  inoculatioDS  were  followed  by  death,   and  on  exaaituatioQ  tb« 
spleen  was  found  enlarged.     Four  of  these  icoculatious  were  mad« 
into  the  peritoneum,  and  in  three  of  these  death  occurred,  the  jieri» 
toneum  showing  evidences  of  iuflammatioD.     In  all  the  fatal  c^ihmi  the 
diplococcus  above  described  was  found  in  the  blood  removed  from 
the  heart  cavity  with  all  the  usual  precautious. " 

These  researches  of  Laveran  and  Catrin  have  been  confirmed  by 
other  investigatots.  Busquet  and  Ferr^'  found  a  similar  diplotvtcrus 
in  seventeen  cases  in  the  blood  taken  from  the  pulp  of  the  finger  and  the 
lobe  of  the  ear,  and  in  the  fluid  from  the  parotid  gland.  In  the  Mkliva 
removed  by  a  pijjette  from  Steno's  duct  they  found  a  diploetrepto- 
oocens  either  alone  or  in  company  with  the  diplococcus  found  else- 
where. 

P.  M.  Mecray  and  J.  J.  Walsh'  found  the  same  diplococcus  in 
cultures  made  from  the  contents  of  Steno's  duct  during  the  height  of 
the  disease.  They  claim  to  have  isolated  and  cultivated  this  diplo- 
coccus l)efore  having  learned  of  the  work  of  Laveran  and  Catrin. 
The  following  was  their  method  of  procedure:  The  month  having 
been  carefully  cleansed  with  a  saturated  solution  of  boric  acid,  the 
orifice  of  Steno's  duct,  aft«r  this  had  been  emptied  by  light  massage 
of  the  cheek,  was  covered  for  a  iieriod  of  five  minutes  with  a  piece 
of  cotton  wet  in  the  same  solution.  A  bit  of  sterile  silkworm  gnt 
was  then  intrtxluced  into  the  duct  and  from  it  an  agar  slant  was 
inoculated.  "  Out  of  ten  tubes  six  had  a  mixed  growth,  but  in  all 
of  them  tliere  was  noted  a  small,  whit«,  slow-growing  colony.  This 
was  isolated  in  plate  cultures  and  was  found  to  contain  two  different 
organisms,  one  a  streptococcus  form,  the  other  a  micrococcus,  nearly 
always  seen  as  a  diplococcus.  Further  culture  showed  that  the 
streptococcus  grew  more  rapidly  and  licjuefietl  gelatin  sooner  (in 
three  to  five  days)  than  the  micrococcus.  It  did  not  occur  in  the 
original  cultures  as  constantly  as  the  latter,  the  diplococcus  form, 
occurring  for  certain  in  eight  of  the  ten  tubes  and  being  considered 
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to  be  preseot  in  the  others,  though  this  could  not  be  demonstrated 
with  certainty,  owing  to  invasion  of  the  colonies  by  the  more  rapidly 
growing  cocci  so  common  in  the  mouth,  which  our  precautions  had 
not  succeeded  in  entirely  eliminating."  The  blood  was  examined  in 
eight  cases.  "  Out  of  the  eight  tubes  two  gave  an  entirely  negative 
result,  three  gave  pure  cultures  of  the  characteristic  diplococcus,  and 
three  gave  a  mixed  result,  the  diplococci  being  found,  but  with  them 
other  cocci,  notably  a  staphylococcus  form,  probably  the  staphy- 
lococcus epidermidis  albus.  Control  testa  made  from  the  blood  of 
five  healthy  children  gave  absolutely  negative  results.  Cultures  made 
from  Steno's  duct  in  these  same  children  gave  us  various  oral  micro- 
organisms in  four  cases,  but  not  the  diplococcus  found  in  the  mumps 
cases."  The  experiments  were  not  carried  any  further,  no  animal 
inoculations  being  made. 

Michaelis'  obtained  analogous  results.  He  found  in  Steno's  duct 
diplococci  in  chains  and  resembling  somewhat  the  gonococcus  or  the 
meningococcus.  These  were  also  found  once  in  the  blood.  Inocula- 
tions in  animals  gave  negative  resulis. 

Notwithstanding  these  interesting  observations  we  cannot  say  that 
the  demonstration  is  complete.  The  experimental  proof  is  wanting, 
that  is  to  say,  the  reproduction  of  the  disease  in  animals  by  inocula- 
tion with  cultures  of  this  microbe.  There  yet  remains  to  be  done  for 
mumps  what  Pasteur  has  done  for  anthrax  and  chicken  cholera,  what 
Villemin  and  Koch  have  done  for  tuberculosis,  and  what  Bouchard, 
Capitan,  and  Charrin  have  done  for  glanders.  For  the  present  we 
must  content  ourselves  with  recording  the  facts  simply.  Microbes 
have  been  found  present  in  cases  of  mumps,  and  these  microbes  have 
been  cultivated;  but  in  order  to  demonstrate  that  these  microbes  are 
really  the  exciting  cause  of  mumps  we  must  reproduce  the  typical 
picture  of  the  disease  in  an  animal  by  means  of  cultures  of  this 
microbe. 

Etiology. 

The  facts  which  we  have  already  discussed  permit  us  to  foretell 
the  mode  of  propagation  of  mumps.  The  sole  cause  of  the  disease  is 
contagion,  but  we  may  review  briefly  tlie  multii)le  and  diverse  condi- 
tions under  which  contagion  becomes  effective. 

The  disease  occurs  for  the  most  part  in  the  form  of  epidemics  of 
greater  or  less  extent,  and  the  frequeuey  of  its  occurreuce  is  depend- 
ent entirely  upon  the  presence  or  absence  of  these  e])idemics.  Thus 
a  city  may  have  in  one  year  hundreds  or  thousands  of  cases  of 
mumps,  and  during  the  following  or  several  successive  years  there 
may  not  be  a  single  case.     The  disease  is  very  common  in  the  army 
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ID  regimente  in  garrison,  and  wlierever  there  are  large  agf^rogaiioas 
of  young  men.  In  the  French  army  from  1888  to  1892  th^re  wen 
33,74d  cases  of  mumps.  The  diaea§e  is  very  common  in  achoola, 
but  rarely  attacks  nursing  children. 

As  regards  age,  Billiet  and  Lombard  found  out  of  73  itatiente 
with  mumps,  none  under  2  years  of  age,  7  from  3  to  5  ycAnt,  18 
from  5  to  10  years,  19  from  10  to  15,  8  from  15  to  20, !)  from  20  to  »>. 
8  from  30  to  40,  2  from  40  to  r>0,  1  from  50  to  60,  and  1  innu  m  Uy 
70.  Thus  we  see  that  more  than  half  of  the  cases  wen>  ubBerred  be- 
tr^'een  the  ages  of  5  and  15  years ;  after  50  years  there  were  hut  Jwu 
cases,  and  before  the  end  of  the  "oad  year  there  waa  uoue.  V. 
Gtautier,  however,  has  rejKJrted  a  tiiae  of  mumifs  in  a  new-bom  cbilil 
whose  mother  hail  lieen  attacked  he  disiease  at  tiie  time  of  her 

confinement.     la  this  case  the  sw  ;,  which  was  conSned  to  ihn 

submaxillary  glands,  appeared  twelve  oays  after  the  mother  hiwl  c«ja- 
tracted  iwrotitis.  A  woman,  forty-five  years  old,  waa  atta<-ke<d  wjiii 
muinpa  during  the  eighth  month  of  pregnancy  and  was  delivered  be- 
fore term  of  a  child  who  had  a  swelling  in  the  left  jmrotid  Fetgion. 
This  swelling  increaseil  for  two  days  and  then  disappeared.  Adults, 
idthough  less  susceptible  than  young  subjects,  may  sufifer  iiev«ibe> 
less.  A  man,  fifty  years  of  a^e,  entered  my  service  in  the  Hupitid 
Tenon  on  April  13tlj,  1892,  suffering  from  a  right  hemiplegia  vith 
aphasia.  Two  weeks  after  admission  there  appeared  a  parotid  swell- 
ing, first  on  the  right  side  and  then  on  the  left.  There  was  no  case 
of  mumps  in  the  ward,  and  on  inquiry  I  learned  that  this  man  had 
been  in  the  same  house  with  a  girl  six  years  old,  who  was  suffering 
from  mumps,  eight  or  ten  days  before  his  stroke  of  apoplexy.  The 
study  of  epidemics  in  armies  shows  ns  that  young  soldiers  are  more 
liable  to  suffer  than  are  the  veterans.  This  fact  has  been  noted  by 
Comae,  Colin,  and  Galland  in  their  accounts  of  various  epidemics. 
Bussard,  in  a  study  of  28  cases,  found  16  patients  who  had  seen  less 
than  one  year  of  service,  and  5  who  had  been  between  one  and  two 
years  in  the  army. 

It  has  been  repeatedly  affirmed  that  mumps  attacks  boys  with 
much  greater  frequency  than  girls.  This  impression  has  been  based 
on  the  statements  of  those  who  have  studied  epidemics  in  boys' 
schools  and  colleges,  but  if  we  leave  aside  statistics  so  gleaned  we  shall 
see  that  this  is  an  error.  In  the  73  cases  above  referred  to,  which 
were  analyzed  by  Rilliet  at  Geneva,  38  were  in  male  and  35  in  female 
subjects.  In  an  epidemic  observed  at  Vire  by  Lepecq  la  Cloture. 
children  and  women  were  chiefly  attacked  to  the  almost  entire  ex- 
clusion of  men.  Thus  we  see  that  sex  has  no  part  in  the  etiology  of 
mumps. 
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The  fact  of  contagion  is  evident  and  is  clearly  shown  in  all  epi- 
demics as  well  as  by  cases  occnrring  in  hospital  wards.  Gatrin,  in 
Val-de-Gr&ce,  saw  five  cases  originating  within  the  hospital.  In 
1887  at  Tarascon,  all  the  orderlies  in  the  army  hospital  were  attacked. 
Cadet  de  Qassicourt  saw  a  patient  in  the  hospital  attacked  twenty 
days  after  a  child  suffering  from  mumps  had  been  placed  in  the  next 
bed  to  him.  Roth "  cites  cases  of  contagion  travelling  from  bed  to 
bed  and  also  of  contagion  carried  by  the  physician.  In  one  case  a 
woman  who  slept  iu  a  bed  which  had  been  occupied  twenty-two  days 
before  by  a  patient  with  mumps  came  down  with  the  same  disease. 
This  would  seem  to  show  that  the  pathogenic  microbe  possesses  con- 
siderable vitality. 

The  contagion  of  mumps  is,  however,  less  marked  than  that  of 
measles.  It  requires  direct  contact  ordinarily,  and  instances  have 
been  ob8er^'ed  in  which  epidemics  were  limited  b^'  the  interposition 
of  a  wall,  a  glass  partition,  etc.  It  appears,  therefore,  that  the  con- 
tagious element  is  not  volatile  and  cannot  be  transported  to  a  distance 
by  the  atmosphere.  During  the  winter  of  1874-75  the  disease  was 
epidemic  at  Oleron.  The  garrison  (two  hundred  and  fifty  men  quar- 
tered in  the  right  wing  of  the  castle  of  Oleron)  was  attacked  in  the 
month  of  January.  The  first  case  was  in  a  soldier  who  had  passed 
several  hours  two  weeks  before  iu  a  room  where  there  were  two  chil- 
dren sick  with  mumps.  Following  this  four  of  the  man's  roommates 
were  attacked,  and  later  other  men  \ip  to  a  total  of  twenty-eight,  of 
whom  sixteen  had  had  less  than  one  year  of  service.  In  the  left  wing 
of  the  castle  two  hundred  and  twenty  sailors  were  undergoing  con- 
finement for  various  offences,  and  were  therefore  strictly  isolated, 
having  no  intercourse  with  either  soldiers  or  civilians ;  none  of  these 
had  mumps. 

Iu  an  infant  school  in  Paris  there  were  twenty -five  children  suffer- 
ing from  mumps.  This  school  was  located  on  the  ground  floor  of  a 
large  building  the  upper  stories  of  which  were  occu]iiod  by  a  girls' 
school,  having  more  than  two  hundred  pupils.  A  wall  about  eight 
feet  high,  pierced  by  a  glass  door,  sei)ai*ated  the  playgrounds  of 
these  two  schools.  The  glass  door  was  opened  only  two  or  three 
times  a  day,  as  required  by  the  necessities  of  the  domestic  service, 
and  was  at  all  other  times  kopt  tightly  closed.  This  slender  and  in- 
complete partition  sufficed  to  confine  the  epidemic  to  its  place  of 
origin  and  to  prevent  it  from  gaining  entrance  into  the  girls'  school. 
In  the  class  room  of  this  infant  school,  which  had  an  attendance  of 
from  one  hundred  to  one  hundred  and  thirty  children,  according  to 
the  time  of  year,  all  the  pupils  were  seated  on  a  sloping  platform ; 
the  benches  were  eight  iu  number  and  only  5  metres  in  length,  so 
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kt  e        jiix- 1  Imd  a  apace  of  only  about  30  cm.  (otie  foot)  in  wkicli 

«t,  and  contact  of  one  child  with  the  other  was  inevitable.     Such 

<e  and  constant  coutaet  fumiahea  a  very  evident  danger  as  ref^arda 

>  trauHnuBsion  of  contagious  diseaae,  as  witness  the  progress  of  the 

lemic  in  this  gchool.    On  February  lltb,  12th,  and  13th,  ther6  waa 

ease  each  day ;  on  the  l4th,  two  caseH ;  on  the  15th,  four  i  ou  the 

,  two ;  on  the  27th,  one ;  and  ou  the  28th,  three — giving  a  total  ol 

en  eases,  after  which  the  school  was  closed.     During  the  eidjlittx^Q 

•8  that  this  epidemic  lasted  the  pmpik  in  the  girls'  school,  immcv 

ely  contiguous,  remained  free.     One  girl  of  this  school  »lid  have 

attack  of  mumps,  it  is  true,  but  she  was  in  the  habit  of  calling 

her  little  brother  every  evening  at  the  infant  scliool  and  takiug 

home. 

Let  us  see  when  the  disease  becomes  contagious  and  haw  lon^ 

period  of  contagiousness  lasts.     Rendu  has  demonstrated   by 

lefal  obserratioBs  that  the  diaeaaa  is  espeeially  co&y^jioas  at  tita 

igiiming,  even  before  the  swelling  of  the  parotid  gland  has  appealed. 

ther  facts  show  that  the  contagion  is  still  aotive  during  the  height 

of  the  disease  and  even  daring  oonvalemenoe.    A  oaae  in  proof  of 

this  is  reported  by  S^ta."    Three  ohildren  in  one  family  under  the 

oare  of  Dr.  Bemntz  were  snooessively  attacked  with  momps.    Tbm 

parents  were  warned  that  the  disease  was  contagions  and  isolatian  of 

the  patients  was  recommended.    At  the  end  of  six  weeks  the  puranii 

asked  whether  their  children  coold  now  safely  visit  their  node's 

family  in  the  country.     Permission  being  given,  they  went  there 

and  communicated  the  disease  to  their  two  little  cousins. 

The  contagiousness  of  mumi)s  was  denied  in  the  last  century  by 
Behier,  who  thought  the  disease  was  caused  solely  by  cold,  by  Vogel, 
and  by  others ;  but  it  was  also  positively  a£Srmed  by  Hamilton,  of 
Edinburgh,  in  1759,  and  by  Mangor  in  1771.  The  latter,  who  saw 
many  cases  during  the  epidemic  at  Wiborg,  says :  "  Gontagiom  salu- 
tari,  nam  aliter  geuealogiam  ejus  de  domo  in  domum  et  de  homine  in 
hominem  explicare  nequeo. "  Following  these  authors,  Ozanam,  Cnl- 
len,  A.  Cooper,  Bretonneau  (who  himself  contracted  the  disease  from 
sleeping  in  the  room  with  a  young  man  suflfering  from  mumps). 
Trousseau,  Billiet  and  Lombard,  and  all  military  surgeons  and 
pediatric  physicians  have  affirmed  the  contagiousness  of  mumps. 

It  has  even  ))eeu  claimed  that  the  disease  could  be  propagated  to 
animals  by  means  of  contagioa,  although  inoculation  experiments 
with  cultures  of  the  supposed  microbe  and  with  fltiid  matters  taken 
from  the  bodies  of  the  sick  have  always  given  negative  results.  Bas- 
il uet  "  asserts  that  he  has  seen  a  dog  with  parotitis,  acquired  appar- 
ently from  his  master- who  was  suffering  at  the  time  with  momps. 
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Tlie  fluid  drooling  from  tluB  dog's  moath  and  also  the  salira  taken 
from  Steno's  duct  contained  diploetreptococci  aimilar  to  those  de- 
scribed by  Laveran  and  Catrin, 

We  maj  ask  through  what  channel  the  pathogenic  microbe  of 
mximpa  enters  the  organism.  It  is  not  at  all  probable  that  this  is 
through  the  respiratory  passages,  for  the  bronchi  and  the  lungs  are 
very  seldom  affected  in  cases  of  mumps.  The  early  localization  of 
the  disease  in  the  salivary  glands  speaks  in  favor  of  an  entrance 
through  the  mouth  or  j>08sibly  through  the  nose  by  way  of  the 
pharynx.  It  is  probable  that  the  microbe  becomes  mixed  with  the 
saliva  and  passes  up  through  Steno's  duct  into  the  parotid  gland. 
This  is  the  opinion  of  Henoch  and  of  many  other  writers.  But  this 
explanation  does  not  fit  well  those  cases  in  which  the  parotid  symp- 
toms are  delayetl  and  the  first  manifestation  is  au  orchitis. 

Relapses  are  uncommon  iu  mumps  and  one  attack  usually  confers 
immunity  for  a  lifetime.  Billiet  insists  especially  upon  this  im- 
munity, and  says  that  he  has  observed  some  very  concluaive  facts  in 
this  direction.  "  Thus  I  have  seen  a  father  and  his  children  contract 
the  disease,  while  the  mother  escaped  in  consequence  of  having  had 
mumps  previously  in  Paris.  I  have  remarked  the  same  thiiiK  iu  the 
case  of  a  child  eight  years  of  age  who  had  had  the  diseiuse  two  years 
before,  and  who  in  this  epidemic  was  the  only  one  of  his  family  wlio 
escaped.  Finally  I  have  satisfied  myself  by  iucjuiries  that  those 
who  have  had  mumps  this  year  never  suffered  from  thc>  ilifscuse  Im- 
fore."  There  are,  however,  exceptions  to  this  nde,  and  as  medical 
literature  becomes  more  vnluuiinons  the  reported  chsoh  of  reliijiHe 
become  more  and  more  numerous.  Senier  hits  soeii  a  soldinr  wlio 
suffered  from  mumps,  although  he  had  hail  the  disease  five  years 
before  and  had  an  almost  eom]ilete  atrophy  of  one  testich*  in  couho- 
quence.  Jacob  saw  two  cases  of  relajise  iu  the  sann^  <>pid)'Uiic. 
Nimier  reports  the  case  of  a  man  who  had  four  attacks  of  mumps  iu 
three  years,  and  cites  two  other  instances  of  rccurrciKc  after  au 
interval  of  one  j-ejir.  Antony  has  seeu  three  Hiiuilar  caHes,  Nii-hnlsdn 
one  recurrence  after  three  years,  and  Fubre  several  cascM.  Out  of 
twenty-four  cases  of  mumps  Fournie  saw  im  less  ttiau  (ivi-  itiMbinci's 
of  recurrence;  Krugelsteiu,  Guasco,  and  Lo^jcrais  <'a<')i  ri'imit  fine 
lie  of  1892-93  Catrin*  uot^id  nine  n'ciirri-ncjrH  and 
eighteen  days,  the  other  aftf-r  three  months^ 
fifty-seven  ca>*es  of  niunipH.  l{iiHi|iict "  re- 
Tence ;  one  patieut  ha<l  five  attn<;kM,  threat  on 
ateral;  another  lia<l  two  atta/rkti,  and  th« 
_In  each  of  thene  caaeH  (li])U>tix-j-i  w<^re.  found 
itistics  of  the  Fr<;ucfa  army  wo  fijul  two 
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168  of  a  second  attack  ia  1B8«5,  two  in  1B87,  two  in  1889,  three  in 
90,  five  in  1891,  and  three  iu  1892,  with  two  recurrences  iii  one 

'-•rson.     The  perirxl  separating  the  two  attacks  of  the  saiuo  diseaso 

a  very  variable  one,  being  Bometimes  rather  short  and  at  otiitr 

i(ia  long.     In  Catrin's  cases  there  was  one  recurrenoe  at  the  end 

i  one  year,  two  after  two  years,  three  after  four  years,  ono  after  &ve 

jrears,  one  after  aeven  years,  and  one  after  t«n  yeats. 

Symptoma. 

Incittfatioti. —As  ia  the  case  with  most  infections  diae&jes,  mumpfl 
has  a  i^riod  of  incubation,  of  lat«nt  germination  in  the  or^amaai. 
Most  authors  are  agreed  that  this  period  is  of  quite  lon^  dttrmliaB, 
being  greater  than  the  correaiionding  stage  iu  almost  all  of  the  cither 
contagious  diseases.  It  is  usually  stated  to  be  on  an  avera^  threo 
weeks.  Billiet  and  Lombard  give  the  following  figoree  as  the  tmuH 
of  an  aiialysiH  of  29  caseH:  In  1  case  the  jieriod  of  iucul>atioQ  vraa  6 
days;  in  11  it  was  19  to  20  days;  in  13,  from  20  to  22  days;  in  1, 
between  23  and  26  days.  Eight  day^  must  be  regarded  as  the  mini' 
mum,  although  Demme  speaks  of  one  instance  in  which  it  was  4  days 
)uly,  and  Picot  and  d'Espine  state  that  the  [^nod  varies  between  4 
id  26  days.  According  to  d'Heilly  the  duration  is  from  18  to  SS 
ya.  Dnkes  says,  Ijasing  bis  opinion  on  a  study  of  42  cases,  that 
me  periml  of  incubation  vnries,  from  18  to  22  days,  altbougb  be 
speaks  of  exceptional  cases  in  which  the  period  was  lengthened  to 
23,  24,  and  25  days.  In  an  epidemic  in  India  Jobard  noted  the  oni- 
break  of  the  disease  on  shipboard  23  days  after  having  left  land. 
Antony  has  reported  cases  iu  which  the  i)eriod  was  26,  28,  and  33 
days.  Merklen  has  seen  2  cases  of  25  and  26  days'  duration  respec- 
tively. Roth  mentions  3  cases  seen  in  Bamberger's  service  in  which 
the  period  following  contagion  was  18  days,  and  Pearse  also  fixes 
the  same  period  as  the  duration  of  the  incubative  stage.  Henoch  says 
that  this  period  ranges  from  14  to  22  days.  In  a  small  hospital  epi- 
demic following  the  entrance  of  a  child  with  mumps  into  the  wards. 
Cadet  de  Gassicourt  records  the  first  cases  as  having  occurred  on  the 
twentieth  day.  On  May  6th,  1892,  I  was  called  to  see  a  boy  of  fonr 
years  who  had  a  double  parotid  swelling  dating  from  the  previons 
evening.  This  child  had  been  to  school  for  the  last  time  on  April 
16th,  and  assuming  that  he  had  acquired  the  contagion  on  that  day, 
the  incubation  lasted  19  or  20  days ;  but  as  the  infection  may  have 
occurred  before  his  last  day  at  school,  the  period  of  incubation  may 
have  been  longer  than  3  weeks. 

Invasion. — In  most  cases  the  invasion  is  gradual  and  without 
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noisy  symptoms,  a  slight  swelling  of  the  parotid  gland  being  the  first 
indication  of  the  on-coming  disease.  However,  exceptions  to  this 
role  occur,  and  I  have  seen  patients  taken  suddenly  with  a  chill,  high 
fever,  headache,  delirium,  etc.  When  the  patients  have  been  under 
observation  and  have  been  carefully  watched  during  the  period  of 
incubation,  we  are  often  able  to  note  the  occurrence  of  prodromic 
symptoms.  These  are,  however,  usually  so  slight  that  they  are  com- 
monly overlooked  by  those  having  the  care  of  the  child.  Billiet  and 
Cadet  de  Gassicourt  speak  very  briefly  of  the  prodromes  of  mumps ; 
Barthez  and  Sanne  noted  prodromes  in  230  out  of  540  cases  in  a 
school  epidemic.  Gatrin  saw  them  in  102  out  of  157  cases;  in  44 
cases  they  consisted  in  chills  and  malaise,  in  58  cases  in  malaise 
only ;  among  individual  symptoms  he  noted  night  sweais  41  times, 
epistaxis  14  times,  tinnitus  aurium  18  times,  earache  8  times,  joint 
pains  15  times,  herpes  labialis  4  times,  and  syncope  twice.  Sore 
throat  and  fever  are  the  usual  initial  symptoms.  lu  24  cases  Foumie 
noted  pharyngitis  and  angina  15  times;  the  same  symptoms  were 
observed  by  Bourgeois  in  19  out  of  61  cases,  by  Jourdan  in  16  out  of 
60,  by  Madamet  in  11  out  of  56.  At  Bayonue  in  1891  three  out  of 
four  of  the  soldiers  attacked  had  sore  throat  at  the  beginning.  Gatrin 
mentions  this  symptom  as  having  been  seen  in  G2  out  of  100  patients. 
Fever  is  a  nearly  constant  symptom  at  the  beginning  of  mumps. 

I  have  noted  a  mode  of  invasion  which  is  rather  frequent  in  the 
case  of  children,  namely,  by  an  attack  of  otalgia.  A  young  patient 
is  suddenly  seized  with  very  severe  pain  in  the  ear  whicli  maj'  keep 
him  awake  during  the  night;  this  pain  is  usually  unilateral,  and  in 
the  morning  there  is  seen  to  be  a  swelling  in  the  parotid  legion  on 
the  same  side.  On  June  27th,  1892,  a  cliikl,  eleven  and  a  half  years 
old,  was  brought  to  the  dispensary  to  be  treated  for  !i  ])aiu  in  the  left 
ear  which  he  had  had  for  five  da\  s.  The  pain  was  severe  enough  to 
prevent  sleep  and  it  was  accompanied  by  fever,  headache,  and  ano- 
rexia. On  examination  I  discovered  a  marked  swelling  beneath  the 
left  ear  and  extending  down  the  neck.  The  other  side  presented 
nothing  abnormal,  the  disease  remaining  unilateral.  There  was  no 
congestion  of  the  buccal  mucous  membrane,  but  the  saliva  reddened 
litmus  paper.  On  May  11th,  1892,  a  girl,  ten  years  (jld,  of  good 
physique,  was  brought  to  mi*  on  account  of  a  soft,  diffuse,  painful 
swelling  of  the  left  parotid  gland.  The  child  could  not  open  the 
mouth,  there  being  an  actual  trisnius  7)rcveuting  mastication.  This 
swelling  had  been  preceded  for  three  days  by  marked  somnolence, 
fever,  redness  of  the  face,  anorexia  with  coated  tongue,  headache, 
etc.  On  the  two  days  before  I  saw  her  she  had  had  epistaxis.  Her 
brother,  five  years  old,  had  been  complaining  of  earache  for  two 


days,  nud  nuere  waa  already  apparent  a  sliKlit  parotid  swelling.  An- 
other brother,  aix  and  a  hali  years  of  age,  had  Buflfered  from  excni- 
ciating  pain  in  the  ears  two  weeks  before,  preceding  an  attack  uf 
mnraxJB. 

Parotid  Stcelling. — This  is  tbe  moet  important  symptom  as  r(>{puxis 
■oth  frequency  of  oc^urreiicG  and  conapieaousness.  It  may  l>«»  the 
rat  symptom  to  appear,  and  in  any  case  is  a  ?ery  early  sign,  and  ao 
It  canses  such  deformity  of  the  face  it  catmot  pass  uui)erc«ivetl.  Its 
seat  is  the  sjiace  between  the  mastoid  process  and  the  asoeudiog 
ramus  of  the  jaw,  that  is  to  say,  at  the  location  of  the  parotid  t;W)d. 
Here  the  skin  is  seen  to  he  tense,  the  swelling  is  smooth,  not  hanl, 
and  moderately  painful  on  pressure  and  during  movements  of  the  jaw, 
which  it  serves  to  imfffide.  From  its  point  of  origin  tlie  swelling 
encroaches  on  the  neighboring  parts  without  any  line  or  furrow  by 
way  of  demarcation. 

The  two  parotid  glands  are  affected,  not  simultaneously,  Imt  oiM 
after  the  other  after  an  interval  of  one,  two,  or  three  days.  Bouokot 
said  that  mumps  (oreillotie)  had  no  singidar,  which  is,  however,  oot 
strictly  correct.  Unilateral  mumps  is  far  from  being  exceptional, 
and  in  some  epidemics  oreilhn  (in  the  singular)  is  the  rule.  Ri»>t, 
of  Arras,  noted  a  single  parotitis  fourteen  times  and  a  doable  one 
eight  times  in  twenty-two  cases,  Rilliet,  of  Geneva,  found  a  propor- 
tion of  one  unUateral  to  six  bilateral  cases,  and  one  simultaneoos 
involvement  of  l)oth  panitids  to  every  three  cases  of  successive  attaclt. 
He  distinguished  three  degrees  of  swelling,  as  follows :  (1)  A  very 
moderate  swelling,  with  slight  soft  engorgement  of  the  gland,  and 
but  little  deformity  of  the  face ;  (2)  a  very  noticeable  prominence  in 
the  parotid  region,  which  is  swollen  out,  tense,  and  painful  on  pres- 
sure, and  sometimes  the  skin  is  red;  (3)  the  tumefaction  in  the 
parotid  region  is  marked,  extending  in  every  direction  and  disfigur- 
ing the  patient  greatly.  Billiet  and  Barthez  say  that  they  have  seen 
this  tumefaction  carried  so  far  that  the  tumor  beginning  in  the  par- 
otid region  extended  almost  to  the  extremity  of  the  clavicle,  giving  to 
the  head  and  neck  a  pyriform  appearance,  and  causing  the  patients 
to  look  grotescjue  and  to  be  almost  unrecognizable. 

In  the  epidemic  of  Arras  some  instances  of  enormous  swelling 
were  recorded  by  Bizet.  Three  adult  patients  presented  a  frightful 
deformity  of  the  face ;  in  two  the  parotid  and  submaxillary  glands 
were  so  swollen  that  the  patients  had  no  resemblance  to  human 
beings,  and  the  third  had  such  a  tremendous  tumor  that  he  was 
unrecognizable  even  by  his  most  intimate  friends.  In  the  case  of  a 
lad  of  sixteen  years,  the  right  parotid  alone  was  involved,  but  this 
was  so  enlarged  that  in  less  than  five  days  the  swelling  had  x«ached 
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ihe  stemoclaTicnlar  articulation  on  that  side ;  the  skin  was  shining 
and  there  was  a  feeling  as  if  fluctaation  were  present.  In  two  weeks 
all  swelling  had  disappeared  and  there  remained  only  an  engorge- 
ment of  the  cervical  glands  in  the  form  of  a  chain  in  the  neck,  but 
this  also  disappeared  in  the  course  of  two  months.  Henry  reported 
the  case  of  a  little  girl  of  five  years  in  whom  the  swelling  extended 
from  the  parotid  forward  to  the  middle  line  of  the  neck.  In  a  young 
boy  I  once  saw  engorgement  of  the  salivary  glands  and  oedema  of  the 
surrounding  parts  assume  such  a  size  that  the  swelling  on  each  side 
met  the  other  in  the  middle  line  of  the  neck  forming  a  double  chin  of 
a  most  hideous  appearance.  In  this  case  the  submaxillary  and  sub- 
lingual glands  were  involved,  and  I  believe  that  the  lymphatic  glands 
were  also  swollen  to  a  certain  degree. 

It  is  easy  to  determine  that  the  swelling  actually  involves  the  sali- 
vary glands  and  not  alone  the  cellular  tissue  surrounding  them;  it  is 
located  in  front  of  the  tragus,  behind  the  ascending  ramus  of  the 
maxilla  over  which  it  rises.  When  the  glandular  projection  is  very 
marked  we  may  palpate  directly  the  parotid  gland  on  which  we  may 
distinguish  the  lobulation  and  uneven  surface.  The  skin  is  but  little 
changed,  but  slightly  adherent,  and  not  greatly  congested.  Some- 
times it  presents  a  red  shining  appearance  which  may  lead  us  to  sus- 
pect an  abscess  or  erysipelas. 

Pressure  is  more  or  less  painful.  Rilliet  has  marked  out  three 
painful  points :  One  at  the  level  of  the  temporomaxillary  articulation ; 
another  below  the  mastoid  apophysis;  the  third  over  the  location  of 
the  submaxillary  gland.  The  patienis  complain  but  little  of  spon- 
taneous pain,  but  only  of  stiffness  and  inconvenience.  Sometimes, 
however,  there  are  verj'  severe  pains,  neuralgic  iu  character,  which 
radiate  to  a  distance  in  all  directions.  The  most  severe  pain  which  I 
have  seen  iu  mumps  was  located  in  the  cars,  either  iu  the  external 
auditory  canal  or  in  the  tympanum;  this  is  sometimes  so  severe  as 
to  make  the  children  cry  out  and  to  prevent  them  from  getting  any 
sleep.  The  pains  are  usually  stronger  during  the  prodromic  period 
than  after  the  declaration  of  the  disease.  The  sejjaration  of  the  jaws, 
restricted  by  the  swelling,  is  always  limited  and  painful,  and  mastica- 
tion becomes  difficult,  if  not  impossible ;  thus  the  taking  of  solid  food 
must  be  foregone,  the  patients  limiting  themselves  to  liquids,  and 
sometimes  even  fluids  cannot  be  taken  except  through  a  tube.  It  is 
in  the  cases  of  this  kind  that  we  see  the  trismus  mentioned  by  Eilliet 
and  which  I  have  also  noted  occasionally,  which  interferes  with  both 
mastication  and  articulation.  The  jaws,  i)rossed  closely  one  against 
the  other,  as  in  tetanus,  can  scarcely  be  separated  so  as  to  admit  the 
tip  of  the  tongue.     Without  being  tetanized,  however,  the  movements 
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Tfa(>  parotid  swelling  is  in 
it«  liei^lit  iu  two  or  three  days  aad 
Im-iuk  normal  again  in  three  or  foordajs 
i)tM(irv(^(l,  however,  in  which  the  doratiaD  W5 
ill  which  there  remained  a  permanent  chroaie 
(Mf^rklcu).  E.  Albert"  has  seen  tbeswdUng 
i^r:rtiiiii  (MiHCfl  of  relai^se.  Two  regimental  tramf 
rfUiipHf!,  due  uptmn^Qtly  to  the  efforts  made  br  tlw  mtm  to  plif  fteir 
iimlruMifutH.  Following  these  relapses  there  rrmaiiinrl  •  a^^M^ 
i>iiliir^'r')iiinit  of  the  parotid,  in  one  case  for  eight  iDandis,  in  tW  diet 

for  tell   IlKHlthH. 

Siihiiinxi'lldry  StfelUng. — The  swelling  does  noi  alvajs  remain 
confiijcd  to  tho  jiarotids,  but  may  invade  also  tbe  sob^aziDaiT 
(^'IidhIh.  It  tally  ovtiu  be^in  in  aud  remain  limited  to  thrwn  ^aadi 
(HiibiiiaxilJary  luiiinim).  Catrin  saw  the  snbmaxillaTT  glands  pa^ 
tiripuUi  in  tln>  incirl)iil  prwess  71  times  in  137  cases;  Antony,  15 
titii(>H  ill  42  ciLscH;  Fouruiu  Haw  a  swelling  of  these  glands  in 
nil  of  liiH  cfi^n*.  Vticlier  has  reported  3  and  Wertheim  4 
which  tiin  Hubmaxiilarv  ^lauds  were  alone  involved;  Fabr^' 
cuHf'H  of  cxfliLHivi!  Huliiii.'ixillary  localization  during 
wjiich  7(KI  piTHons  were  attacked;  Amodru  saw  4  cases  v 
Inr.v  iiuiniiiH  in  a  wchnol  ejiidomic  attacking  19  girls.  L;'- 
a  ciiMo  of  .siiliinuxilhiry  inumpa  complicated  with  orcL;: 
WHH  (uluiitted  to  the  iutirmar: 
still  in  till)  hospiticl  ho  was 
liiry  swi'lliiif^  wlii<'li  lasted 
in  wize.  ThiTH  Hoemed  to 
of  the  iinniiinity  enjoyed  1 
lircn  renaiileil  as  a  case  of 
for  the  fact  that  two  days  lal 
painful;  at  the  same  time  the 
a^ain  on  Ihn  fiMirth  day.  I  La 
swelling  was  limited  to  thesubm; 
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it  remained  in  this  region  for  some  time  after  the  parotid  trouble  had 
subsided.  On  November  28th,  1892,  a  little  girl,  four  and  a  half  years 
of  age,  of  generally  good  health,  was  brought  to  me  for  a  fever  with 
anorexia  which  had  come  on  two  days  before.  The  day  before  she 
was  brought  to  me  her  mother  had  noticed  a  swelling  of  the  cheeks 
looking  like  that  accompanying  an  aching  tooth,  but  there  was  noth- 
ing wrong  with  the  child's  teeth.  When  she  came  to  me  there  was  a 
bilateral  swelling  in  the  submaxillary  region,  more  marked  on  the 
left  than  on  the  right  side.  On  passing  the  finger  down  the  cheek 
and  beneath  the  inferior  maxilla  an  olive-shaped  body,  about  the  size 
of  an  almond,  could  be  felt,  which  could  be  nothing  else  than  the 
submaxillary  gland.     The  parotid  glands  were  not  swollen  at  all. 

Suhliugual  Sicelling. — That  the  sublingual  salivary  glands  may 
participate  in  the  morbid  process  seems  to  be  undeniable,  though 
some  have  held  that  it  does  not  occur.  Indeed,  I  have  seen  at  least 
one  very  distinct  case  of  sublingual  mumps.  On  November  30th, 
1892,  a  girl,  eleven  years  old,  was  brought  to  me  at  the  dispensary 
for  treatment  for  a  subhyoid  swelling  which  had  appeared  the  pre- 
vious morning  without  being  preceded  by  any  very  marked  disturb- 
ances of  the  general  health.  Below  the  chin  was  a  symmetrical 
swelling,  not  especially  painful  on  pressure.  The  day  before,  accord- 
ing to  the  story  told  by  the  mother,  there  had  been  a  slight  enlarge- 
ment in  the  parotid  and  submaxillary  regions,  but  when  I  saw  the 
girl  there  was  none,  the  only  thing  visible  being  the  tumefaction  in 
the  floor  of  the  mouth.  Some  very  small  and  painless  lymphatic 
ganglia  could  be  felt  on  the  sides  of  the  neck.  Digital  pressure 
caused  slight  pain,  not  only  under  the  chin  but  also  at  the  angle  of 
the  jaw  and  in  front  of  the  ear.  The  only  durable  swelling  having 
been  that  of  the  sublingual  glands,  it  is  certainly  permissible  to 
regard  the  case  as  one  of  sublingual  mumps.  Henoch  reports  a  less 
clear  case.  Under  the  name  of  subglossitis  or  inflammation  located 
beneath  the  tongue  in  the  floor  of  the  mouth,  he  describes  a  disease 
which  seems  to  affect  the  sublingual  glands  and  which  may  be  an 
abnormal  form  of  mumps.  The  subhyoid  region  is  swollen  and 
oKlematous,  the  tongue  is  pressed  upwards,  and  the  jaws  are  sepa- 
rated.    The  disease  terminates  by  resolution  in  seven  or  eight  days. 

The  Buccal  Mucous  Membrane. — Upon  examining  the  mouth  of  a 
patient  suffering  from  mumps  we  sometimes  find  nothing  abnormal, 
at  other  times  there  are  more  or  less  appreciable  changes  visible. 
The  mucous  membrane  is  often  dry  and  a  little  red,  the  gums  are 
swollen  and  covered  with  an  opaline  pultaceous  deposit,  and  the 
tongue  is  coated.  We  have  had  occasion,  in  speaking  of  the  pro- 
dromes, to  note  the  mention  by  many  writers  of  a  sore  throat.    Some 
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authors  have  claimed,  however,  that  there  is  cxjcasionally  a  tnie 
bucc^  exautbem.  Gueneaii  tie  Mussy  especially  insists  upon  this 
point,  and  says:  "Mumps,  aa  Trousseau  has  so  justly  remarked, 
bears  the  strongest  resemblance  tu  the  eruptive  feverB,  and  if  my 
personal  observation  is  not  at  fault  this  resemblance  is  made  still 
stronger  by  the  coexistence  of  a  congestion  with  tumefaction  of  the 
buccal  mucous  membrane,  most  marked  iu  the  vicinity  of  the  pos- 
terior molars,  towards  the  inner  surface  of  the  cheeks,  around  the 
uritiee  of  Steuo's  duct,  and  on  the  anterior  part  of  the  palatine  vault. 
This  has  appeared  to  me  to  be  a  true  exanthem,  the  tegumentary 
manifestation  of  the  disease."  He  adds  that  he  has  found  this  emi> 
tion  in  three  cases  of  mumps,  in  one  of  which  swelling  of  the  sub- 
maxillary and  sublingual  glands  replaced  that  of  the  parotids. 

J.  Moursou  has  noted  a  tumefaction  of  the  orifice  of  Steno's  duct, 
which  he  says  is  almost  always  jiresent,  apj^aring  iu  the  form  of  a 
nil)ple  about  the  size  of  a  small  haricot  bean,  markedly  congested 
and  with  some  ecehymotic  points  around  the  meatus.  The  canal 
itself  can  be  felt,  he  says,  by  the  finger  as  a  thick  and  hard  cord. 
Granier  says  that  there  is  hypersemia  not  only  of  Steno's  duct  but 
also  of  those  of  Wharton  and  Riviui,  as  shown  by  a  projecting  dark 
red  ring  at  the  orifice  of  each  of  these  ducts.  Laveran,  however, 
holds  that  these  lesions  are  an  exceptional  occurrence  and  are  of  little 
signifif^HUce. 

I  Jiave  published  two  cases  of  erythematous  and  pnltaceona  sto- 
matitis in  children  suffering  from  mumps.  This  stomatitis  is  located 
chiefly  on  the  gums,  but  I  have  never  observed  any  abnormal  appear- 
ance at  the  orifice  of  Steno's  duct.  In  the  first  ea.se  there  was  a  very 
pronounced  redness  of  the  buccal  mucous  membrane,  especially 
marked  nu  the  gums,  accompanied  by  acidity  of  the  secretions  and 
an  almudaut  salivation.  In  the  second  case  the  stomatitis  was  more 
severe  in  character;  it  was  at  first  erythematous  but  soon  became 
piiltaceourt  with  quite  thick  deposits  on  the  gums  and  internal  sur- 
fiicea  of  the  cheeks.  There  was  salivation,  and  bleeding  occurred 
from  the  gums.  On  the  seventh  day  the  chUd  was  well,  both  i>an> 
titis  and  stomatitis  having  disappeared.  I  have  since  seen  cases  of 
similar  buccal  lesions,  but  I  do  not  think  the  appearance  de8er^'e8  the 
name  of  an  exanthem. 

Siilirnnj  Si'dTfion. — In  a  large  number  of  cases  I  have  noted  that 
the  saliva  gives  an  acid  reaction  with  litmus  paper,  though  in  some 
cases  the  secretion  remains  neutral.  There  is  more  or  less  disturb- 
auce  of  the  salivary  secretion  in  the  majority  of  cases  of  mumps. 
Rilliet  and  Laveran,  however,  both  state  expressly  that  there  is 
neither  salivation  nor  dryness  of  the  mouth  in  mumps,  and  if  drynees 
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does  exist  it  may  well  be  due  to  the  fever  present.  Bouchut  says 
that  the  pain,  swelling,  tension,  and  redness  of  the  parotid  are 
always  accompanied  by  dryness  of  the  mouth  and  throat  and  pain  on 
swallowing,  and  he  remarks  that  in  cases  in  which  the  disease  is  con- 
fined to  one  side  the  dryness  is  present  only  on  that  side.  He  attributes 
the  dryness  to  salivary  retention,  due,  he  says,  to  the  swollen  condi- 
tion of  Steno's  duct  which  becomes  obliterated  and  like  a  hard  cord. 
Galland  notes  in  a  large  number  of  cases  dryness  of  the  mouth  at  the 
beginning  and  during  the  height  of  the  disease  with  an  abundant  sal- 
ivation, apparently  critical  in  its  nature,  at  the  moment  of  resolution. 
Trousseau  speaks  of  the  difficulty  in  mastication  dependent  in  part 
upon  the  pain,  but  chiefly  upon  the  disordered  secretion  of  saliva, 
which  in  some  cases  is  completely  suppressed,  so  that  even  in  con- 
valescence, he  says,  the  patient  is  obliged  to  drink  constantly  while 
eating,  a  mixture  of  saliva  with  the  food  not  taking  place.  Clarke 
has  also  observed  dryness  of  the  mouth  together  with  roughness  and 
hardening  of  the  buccal  mucous  membrane  in  consequence  of  the 
absence  of  the  saliva.  Simon  and  Prautois  have  recorded  a  case  of 
increased  salivary  secretion  occurring  as  a  sequel  to  mumps.  The 
flow  was  so  abundant  and  persistent  that  it  was  necessary  to  restrict 
it  by  the  administration  of  atropine. 

General  Symptoms. — The  fever  and  other  general  symptoms  vary 
greatly  in  intensity  in  the  different  cases.  There  are  mild,  abortive 
forms  in  which  there  appear  to  be  no  general  aymi)toms  whatever. 
It  is  especially  in  complicated  cases  that  the  fever  is  marked,  but  it 
is  usually  present  even  in  the  mildest  attacks.  Ciitrin  insists  espe- 
cially on  this  point.  "The  symptom  which  we  have  noted  most 
commonly  at  the  beginning  is  fever,  which  many  observers  have 
nevertheless  regarded  as  exceptional  or  as  present  only  in  connection 
with  more  or  less  grave  complications.  Fabre,  of  Commentry,  in 
twenty-seven  cases  oat  of  fifty-eight,  noted  the  occurrence  of  violent 
fever,  even  with  chills,  although  there  was  no  orchitis;  Fournie 
noted  fever  in  seven  out  of  twenty-four  cases;  Prozorowski,  in  an 
army  epidemic,  saw  but  three  apyretic  cases;  Lichtenstern  says  that 
there  is  always  fever  at  the  commencement,  and  Gerhard  says  that 
there  is  always  more  or  less  elevation  of  temperature.  .  .  .  The  fever 
is  moderate,  sometimes  even  inappreciable  without  the  use  of  a  ther- 
mometer, since,  as  Comby  justly  remarks,  '  the  patients  are  confined 
neither  to  the  l)ed  nor  to  the  room,  but  come  and  go,  eat  and  digest.' 
This  author  assigns  to  the  fever  a  duration  of  four  or  five  days,  and 
says  that  the  defervescence  is  rapid,  agreeing  also  with  Gerhard  that 
the  disease  is  never  absolutely  apyretic.  This  is  also  our  ojiiuicm, 
and  in  the  army,  where  tlie  men  are  immediately  isolated  upon  the 
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first  gympk)iiiB  of  mumps,  this  obsenatioQ  can  be  made  better  tbiU) 
elsewhere.  .  .  .  lu  an  epidemic  studied  by  ns  in  1892-93  out  of  143 
cases  in  wliicb  the  temperature  was  taken,  apyrexia  was  noted  iii  Liat 
38 ;  in  46  cases  the  fever  lasted  one  day,  in  39  two  days,  in  15  tbree 
days,  and  in  5  four  days.  The  temperature  varied  between  38'  and 
40°  0.  (100.4°  and  104^  F.).  Of  the  apyretic  cases  2  men  only  were 
in  the  second  day  of  the  disease  when  first  seen,  13  were  in  the  Ibini 
day,  4  in  the  Efth  day,  7  in  the  sixth,  3  iu  the  seveuth,  ami  1  in 
the  tentii  day.  Wheu  the  parotids  were  affected  sucoeasively  at  an 
appreciable  intenal,  the  fever  whs  often  olj«ened  to  light  op  ngaia 
coincidently  with  the  swelling  of  the  second  gland.  It  is  there- 
fore our  al>solnte  connction  that  cases  of  mumps  in  whicli  there 
is  no  elevation  of  temperature  must  be  very  exceptional.  At  the 
same  time  that  we  were  studying  this  epidemic  of  mumps  Uioru  «kv 
curred  one  of  measles,  and  we  noticed  that  the  apjretic  casefl,  or  at 
least  those  in  which  the  fever  was  very  moderate,  were  tm  ano' 
mon  in  measles  as  in  mumps.  In  one  disease  as  in  the  other 
the  benignity  of  the  symptoms  at  the  outset  might  be  so  {m>- 
Dounced  that  the  men  did  not  regard  themselves  as  sick  or  tbey 
did  not  enter  the  hospital  until  the  eruption  had  api>eare4l  or 
until  the  parotids  were  swollen,  that  is  to  say,  at  a  time  when  tb« 
fever  had  subsided." 

The  fever  is  nsually  moderate  in  degree,  eapeeially  in  childrao 
whom  often  it  does  not  x>revent  from  getting  out  of  bed,  going  abont 
where  they  will,  and  engaging  in  their  usual  occupations  and  games. 
In  some  cases,  however,  it  is  intense  from  the  beginning,  and  is 
accompanied  by  restlessness,  the  typhoid  condition,  and  delirium. 
In  such  cases  we  may  be  led  to  suspect  the  presence  of  one  of  the 
eruptive  fevers  or  of  typhoid  fever,  but  at  the  end  of  four  or  five 
days  defervescence  occurs,  gradually  by  lysis;  sometimes,  however, 
the  fall  is  rapid,  and  the  pulse  becomes  slow  and  irregular.  It  is  es- 
pecially in  cases  complicated  by  orchitis  that  we  see  high  fever  and 
general  symptoms  of  sometimes  an  alarming  character.  The  fever 
may  be  terminated  by  profuse  sweats,  at  first  limited  to  the  parotid 
regions  and  later  becoming  generalized.  A  critical  polyuria  has 
also  been  reported. 

Convalescence  is  sometimes  quite  prolonged,  the  patient  coming 
out  pale  and  emaciated  from  a  disease  which  is  of  short  duration  and 
apparently  benign.  Billiet  says  that  he  has  seen  several  patients 
who  had  not  recovered  their  usual  health  by  the  end  of  two  or  three 
weeks,  and  were  astonished  that  such  a  mild  disease  could  cause 
such  a  physical  depression.  Some  authors  have  spoken  of  an 
enlargement  of  the  spleen.    All  these  symptoms  aflford  evidence,  if 
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BQch  were  needed,  that  mumps  is  a  general  disease  the  action  of 
which  is  not  confined  to  one  or  two  of  the  glands  of  the  body,  but 
affects  in  some  measure  the  entire  organism. 

Course  and  Duration. 

The  course  and  duration  of  mumps  vary  according  to  the  form 
and  the  gravity  of  the  disease.  There  may  be  abortive  cases  which 
can  scarcely  be  recognized  as  mumps ;  the  swelling  is  very  slight  and 
ephemeral  and  the  general  symptoms  are  imperceptible.  These 
abortive  forms  would  not  be  recognized  at  all  did  they  not  occur  in 
the  course  of  epidemics  of  mumps  and  were  they  not  sometimes  com- 
plicated by  orchitis.  The  mild  form  of  the  disease  lasts  scarcely 
three  or  four  days ;  those  of  moderate  intensity  last  at  least  a  week. 
The  duration  of  the  complicated  forms  is  very  indefinite.  The  dura- 
tion of  the  disease  is  of  course  longer  when  the  two  jjarotids  are 
attacked  successively  after  an  interval  of  several  days. 

The  affection  may  be  prolonged  also  by  the  occurrence  of  re- 
lapses. In  a  patient  under  the  care  of  Karth  there  were  no  less  than 
five  distinct  attacks,  each  one  marked  by  fever  and  general  symptoms. 
The  first  attack,  which  was  the  gravest  of  all,  affected  the  salivary 
glands,  the  kidneys,  and  the  spleen;  the  second  involved  the  lacrymal 
glands;  the  third,  limited  to  the  parotids,  enabled  a  diagnosis  of 
mumps  to  be  made ;  the  fourth  was  marked  by  a  swelling  of  the  sub- 
maxillary glands ;  in  the  fifth  attack  the  lacrymal  glands  were  alone 
attacked.  Each  successive  attack  in  this  series  was  less  grave  than 
its  predecessor. 

There  are  chronic  forms  of  mumps  in  which  the  parotid  engorge- 
ment persists  for  months.  The  usual  termination  of  mumps,  how- 
ever, is  by  a  resolution,  as  complete  as  it  is  rapid,  of  the  parotid 
swelling.  It  has  been  said  that  suppuration  never  occurs  in  mumi)s, 
and  this  is  true  in  the  great  majority  of  cases,  but  there  are  never- 
theless exceptions  to  the  rule.  The  microbe  of  mumps  is  not  pyo- 
genous  by  nature,  but  we  may  well  suppose  that  it  favors  bj*  its  pres- 
ence the  entrance  of  pyogenic  organisms,  such  as  the  streptococcus 
and  the  staphylococcus,  which  we  know  to  be  often  present  in  the 
saliva  even  of  healthy  i)erson8.  Indeed,  experience  shows  us  that 
suppuration  may  occur,  not  only  of  the  glands  originally  involved  in 
mumps  (the  parotids)  but  also  of  those  affected  by  metastasis  (the 
testicles).  We  shall  return  to  this  subject  when  studying  the  genital 
localizations  of  mumps  and  also  the  complications  of  the  disease  in 
the  following  section. 
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ExtraBalivary-  Localizations  and  Complicationa  of 

Mumps. 

Genital  Localeations. 

There  is  no  disease  wMcli  meoAces  more  the  genital  orKans  tbu> 
does  miiii][)3.  "Next  to  tlie  siJiTary  glouds  the  seminal  glands  are  the 
most  frequently  involved  in  the  morbid  process,  and  this  so  fn- 
qnently  that  we  may  regard  their  participation  as  a  special  localia- 
tion  of  the  disease  rather  than  as  a  cotnplicatioa. 

OrcJutis. — Hippocrates  was  the  first  to  mention  the  orchitis  of 


mumps.     This  localization, 
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swelling,  accompanied  with  high  imcr  (104°  F.),  bad  orchitis  on  tb« 
right  side,  and  fell  into  a  typhoid  state.  Fabre  cites  a  case  in  a  boj 
of  nine  years,  and  Cerenvilie  one  in  a  child  of  four  years.  In  gencsal 
we  may  say  that  medical  literature  furnishes  very  few  cases  of  the 
orchitic  complication  of  mumps  in  children,  and  we  may  regard  this 
complication  as  practically  never  seen  in  epidemics  in  primary  schools, 
although  it  ceases  to  be  a  wholly  negligeable  quantity  in  epidemics  in 
colleges  and  seminaries ;  but  it  is  in  army  epidemics  especially  that 
it  is  to  be  feared.  In  an  epidemic  studied  by  Ssucerotte  (1785-86), 
all  the  gendarmes  who  were  attacked  by  mumps  suffered  from  orchitis. 
Noble,  in  the  epidemic  occurring  on  board  the  Ardent,  saw  twelve 
cases  of  orchitis  out  of  twelve  cases  of  mumps  among  the  marines. 
At  Chateauroux  (1832)  most  of  the  adults  attacked  with  mumps 
suflfered  also  from  orchitis.  Thierry  de  Maugras,  in  the  epidemic  ol 
Mascara,  saw  22  cases  of  orchitis  in  76  of  mumps ;  Rizet,  of  Arras, 
10  in  22;  Widal  50  per  cent. ;  Juloux,  14  in  35;  Chatain,  9  in  37; 
Laurens,  32  in  118;  Bussard,  13  in  28;  Sorel,  15  in  35;  Gerard,  13 
in  44 ;  Madamet,  7  in  56 ;  Servier,  26  in  105 ;  and  Jourdan,  11  in  61. 
In  699  cases  of  mumps  recorded  in  fourteen  army  epidemics,  there 
were  211  cases  of  orchitis,  or  about  30  per  cent.  Catrin  has  col- 
lected a  large  numl^er  of  cases  from  many  sources  and  finds  1,965 
cases  of  orchitis  in  10,601  cases  of  mumps,  that  is,  aboat  one  case  of 
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orchitis  to  every  six  of  mumps,  instead  of  one  to  three  as  in  the 
statistics  of  army  epidemics,  above  quoted,  collected  by  Laveran. 

It  has  been  said  that  the  orchitis  of  mumps  may  be  distinguished 
from  that  of  gonorrhoea  by  an  exclusive  localization  in  the  paren- 
chyma of  the  glands,  the  epididymis  remaining  unaffected.  Catrin, 
however,  disputes  this  assertion  and  says  that  in  forty-three  cases 
observed  by  himself  he  always  found  the  epididymis  engorged,  and 
when  it  was  possible  to  observe  the  case  from  the  start  it  was  always 
seen  that  the  epididymis  was  affected  before  the  parenchyma  of  the 
testicle;  in  one  case,  the  epididymis  alone  was  affected  to  the  entire 
exclusion  of  the  parenchyma  of  the  organ.  The  same  author  claims 
that  there  is  an  abortive  form  of  orchitis  occurring  sometimes  in 
mumps,  manifested  by  some  vague  pains  in  the  testicle,  either  spon- 
taneous or  excited  by  pressure,  and  occasionally  there  may  even  be 
a  slight  swelling  of  the  testicle  or  of  the  epididymis.  These  attacks, 
he  says,  are  never  followed  by  atrophy  of  the  testicle.  The  temper- 
ature may  be  slightly  elevated,  but  there  are  never  any  appreciable 
general  symptoms,  and  the  local  manifestations  are  ephemeral  and  so 
slight  that  the  patient  may  not  mention  them  at  all  unless  sj)ecial 
inquiry  is  made.  The  occurrence  of  these  abortive  cases  of  orchitis 
has  been  noted  by  others  also,  among  them  Chauvin,  Foumie,  Viela, 
Talon,  Vedrennes,  Logerais,  and  Sorel. 

The  orchitis  declares  itself  generally  from  the  sixth  to  the  eighth 
day  following  the  parotid  enlargement,  at  the  moment  that  this  is 
disappearing,  as  if  the  disease  left  this  gland  to  invade  another 
(metastasis).  But  the  theory  of  metastasis  is  not  applicable  to  all 
cases,  for  the  orchitis  maj'  show  itself  before  the  subsidence  of  the 
parotid  swelling,  or  may  even  precede  it  or  finally  may  be  the  sole 
manifestation  of  the  mumps.  Gerard  has  noted  the  appearance  of 
orchitis  when  there  was  no  parotid  swelling  and  after  the  complete 
di8api)earance  of  the  latter.  Grivert  has  seen  two  cases  in  which  the 
orchitis  came  on  ten  days  and  three  weeks  respectively  after  the  sub- 
sidence of  the  parotid  affection. 

Sometimes  the  orchitis  is  announced  bj'  grave  general  svmptom.s, 
such  as  fever,  restlessness,  delirium,  or  con\TilHious.  Sometimes  it 
creeps  on  insidiously  and  would  i)aas  entirely  unperecivod  did  not 
the  increase  in  the  size  of  the  testicle  incommode  the  patient  and 
direct  his  attention  to  this  part.  In  two  or  three  days  the  testicle 
increases  to  several  times  its  normal  size  and  becomes  hard,  heavy, 
and  troublesome ;  the  scrotum  is  red  and  tense ;  the  organ  is  not  very 
painful  on  pressure.  There  are  sometimes  pains  extending  along  the 
spermatic  cord  into  the  abdomen;  exceptionally  there  are  symptoms 
of  peritonitis  present.     It  has  been  said  that  the  orchitis  always 
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oocuis  on  tlie  same  side  as  the  enlarged  parotid,  bat  tiuB  is  not  go, 
for  it  is  often  eroeaed  or  bilateral.  A  mild  ptirotitia  mav  be  aooom- 
panied  by  orchitis  Jost  aa  readily  as  one  of  great  severity. 

The  proportion  of  eases  of  doiible  to  those  of  single  orchitis  varies 
in  different  epidemic.  In  Geneva  Rilliet  foand  -i  cases  of  double 
orchitis  oat  of  23 ;  in  the  unilateral  cases  there  were  13  on  the  riu;lit 
side  and  6  ou  the  left.  Jnloiix  in  14  eases  of  oruhitia  fotmd  1  iu 
which  both  testicles  were  aifected.  Laurens,  in  32  cases  of  t)rchitii«, 
found  6  double,  17  ou  the  left  side,  and  9  on  the  right.  Joonlaa 
found  1  double  case  in  11  of  or«titi^t  *nd  Servier  *2  iu  '2G.  On  the 
other  hand  Bizet  saw  7  case&  '  '  ible  orchitiii  to  3  of  siii^L'  at 
Arras,  and  5  double  to  '6  sin  }nt|>ellier.    Taking  the  sveiaga 

of  all  these  statistics  we  finu  ilateral  on^hitis  is  eight  times 

more  fretxueut  than  bilateral. 

What  is  the  course  of  the  orcl  is  of  mumps?  Usually  at  tha 
end  of  two,  three,  or  foiir  days  the  ienaJon  liegius  to  dimixunh,  the 
iuHammatory  oedema  subsides,  and  the  gland  is  seen  to  be  lart^  and 
but  slightly  sensitive  on  preaaure.  Then  graduiJly  it  reioroa  to  ito 
normal  size,  but  iu  a  certain  number  of  cases  we  Bud  on  exauiitiatitm 
at  a  later  jveriotl  that  there  has  been  au  atrophy  of  the  tosticle.  This 
is  the  black  spot  in  mumps  iu  the  adult.  Hamilton  (1761),  Mural 
(1803),  and  J.  Frank  referi'ed  to  atrophy  nf  the  tt'sticle  following 
mumps,  and  later  Dogny  (1828)  reported  27  cases  t>l>ser\-ed  io 
soldiers.  Billiet  noticed  a  diminution  in  size  of  the  testicle  in  2 
cases  following  recovery  from  mumps,  in  one  of  which  the  organ  was 
reduced  to  one-half  of  its  normal  size.  Grisolle  reports  4  cases  ob- 
served iu  his  own  practice,  and  he  remarks  that  this  accident  would 
be  regarded  as  less  common  if  the  patients  were  kept  under  obserra- 
tion  a  long  time,  for  the  atrophy  is  a  late  accident  and  progresses 
slowly  and  without  active  symjitoms.  Chatain  followed  up  9  cases 
of  orchitis  and  found  3  of  them  terminating  iu  atrophy  of  the  testicle. 
Chauvin  saw  6  cases  of  atrophy  out  of  16  of  orchitis.  Juloux 
examined  the  testicles  of  14  soldiers  two  months  after  they  had 
recovered  from  orchitis  and  noted  a  diminution  in  size  of  the  testicle 
in  all.  In  32  cases  of  orchitis  Laurens  found  16  of  atrophy ;  the  gland 
was  smaller  by  one-fourth  iu  7  cases,  by  one-half  in  7,  and  by  three- 
quaiiers  in  2.  Sorel,  examining  his  patients  seven  or  eight  months 
after  recovery  from  orchitis,  found  7  in  whom  atrophy  had  occurred. 
Gerard,  in  11  cases  examined  fifteen  months  after  recovery,  found  a 
diminution  in  consistence  in  nearly  all,  a  diminution  in  volume  io 
4,  and  a  pronounced  atrophy  in  2 ;  in  one  of  these  cases  both  testicles 
were  reduced  to  the  size  of  a  bean,  and  there  was  also  a  diminution  in 
virility.    Madamet  found  a  slight  atrophy  iu  4  of  7  BoldieiB  examined 
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three  months  after  an  attack  of  orchitis.  Sender  examined  23  men 
six  mouths  after  recovery  and  found  atrophy  of  the  testicle  in  12 ;  the 
atrophied  testicles  were  about  the  size  of  a  large  haricot  bean,  were 
rather  hard,  and  were  wholly  insensible  to  pressure,  which  did  not 
cause  any  of  the  peculiar  testicular  sensation.  In  one  case  he  found 
hypertrophy  of  the  testicle.  Jourdan  examined  11  soldiers  in  the 
fourth  and  fifth  months  following  an  attack  of  orchitis  and  found  in 
5  the  testicles  reduced  to  the  size  of  a  bean,  in  3  the  organs  were  re- 
duced about  one-half  in  size  and  were  quite  soft,  in  2  the  diminution 
was  slight,  and  in  1  there  was  a  hydrocele.  Catrin  examined  37 
men  from  seven  to  eleven  months  after  recovery,  and  found  16  cases 
of  marked  atrophy,  5  of  softening,  and  4  in  which  the  testicles  first 
became  atrophied  and  later  returned  to  their  normal  volume.  Of  13 
who  had  had  double  orchitis  6  had  normal  glands  and  5  had  double 
atrophy.  In  the  statistics  of  the  army  he  found  among  175  cases  of 
orchitis  complicating  mumps,  51  in  which  atrophy  had  occurred,  that 
is  to  say,  1  in  3.5,  or  29.14  per  cent.  In  his  own  statistics  he  found 
1  case  of  atrophy  to  every  2.3  of  orchitis,  or  43.24  per  cent.,  but  says 
that  if  he  had  counted  among  his  cases  those  of  abortive  orchitis  he 
would  have  obtained  nearly  the  same  figures  as  those  derived  from 
the  general  statistics,  that  is  to  say,  1  atrophy  in  3  cases  of  orchitis, 
or  32  per  cent.  From  another  study  of  statistics  Laveran  obtains 
figures  which  are  a  little  higher  than  these.  Thus,  in  ten  epidemics 
there  were  163  cases  of  orchitis  recorded  with  103  of  testicular 
atrophy. 

The  results  of  this  testicular  atrophy,  especially  when  double, 
may  be  quite  grave,  for  there  may  be  loss  of  virility,  sterility,  and  an 
effeminacy  of  the  constitution,  as  shown  by  the  eunuch  voice, 
enlargement  of  breasts,  etc.  These  extreme  cousetiuences  of  atrophy 
of  the  testicles  are  exceptional,  but  impotence  and  sterility  are  not 
rare.  The  possibility  of  this  accident  darkens  considerably  the  prog- 
nosis of  mumps  in  the  adult. 

The  orchitis  of  mumps  may  have  other  and  much  more  rare  termi- 
nations than  atrophy.  Hornus"  reports  a  case  in  which  suppuration 
occurred.  The  patient  was  a  soldier,  twenty-two  years  of  age,  who 
suffered  from  double  orchitis  during  an  attack  of  mumps ;  the  glands 
suppurated,  peritonitis  supervened,  and  the  man  died;  the  pus  jiassed 
up  along  the  spermatic  cord  and  gave  origin  to  the  peritonitis.  In 
other  cases  the  orchitis  may  become  chronic  just  as  we  have  seen  that 
parotitis  may  also  pass  into  a  chronic  state.  Martens  has  reported 
a  case  in  which  the  orchitis  of  mumps  passed  into  a  tuberculous 
orchitis  and  this  was  followed  by  pulmonary  tuberculosis. 

Certain  anomalies  have  been  noted  in  respect  to  the  appearance  of 
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the  orchitis  in  mamps.  In  the  > 
alongside  of  ordinary  mompe  ( 
with  fmrotitis,  similar  to  thoae 
under  the  name  of  febris  testicnlaris. 
this  incomplete,  abortive  mompe,  and  < 
deecribt^d  analogoos  cases  onder  the  i 
primar>'  infections  orchitis,  etc.  Kotmb  ham  reccntlT  it-pm ted  tvo 
cases  of  orchitic  iDami>s  without  parotitis.  I^Tecmn  does  nakhcnlito 
to  admit  that  unilateral  or  donble  orchitis  maj  nfiMtitiitm  tibe  (n^ 
manifestation  of  mumfjs,  there  being  absolatelr  ao  e^azgem^it  al  Aa 
salivary  glands.  In  an  epidemic  at  Chateanronx  in  1833,  then  «■• 
several  cases  of  orchitis  without  any  swelling  of  the  parotid  giadh 
either  before  or  after  the  testicular  affection.  The  same  thing  vm 
o1)8erved  in  au  epidemic  at  Geneva,  according  to  tbe  ro|Miiti  of 
JuUianl,  Killiet,  and  Mayer.  Desbarreaux-Bemand  feports  sevea 
ciMeH  of  this  abnormal  form  of  mumps;  in  one  familr  a  patient  had 
au  attack  oi  orcli  itis  at  tbe  same  time  that  his  brother  suffered  from 
liarotitis.  At  Dautzig,  among  twenty -nine  soldiers  suffering  from  or- 
cbitiii  only  ten  had  parotid  enlargement,  and  in  the  remaining  tiiiyAwii 
no  parotid  swelling  could  be  detected  at  any  period  in  the  oonrae  cl 
tbe  <lisea.se.  Otlier  similar  cases  have  been  rei>orted  by  Bizet,  Beyer, 
Debizi',  Vitlal,  Jacob,  Sorel,  Laveran,  Chauvin,  Serrier,  and  othen. 

Thii  fircLitiH  may  appear  as  the  first  symptom  of  mumps,  preced- 
ing tlio  prtDjtid  swelling.  There  is  here  simply  an  inversion  in  the 
elirnnology  of  accidents.  The  army  surgeons  above  mentioned  report 
a  fairl\  largo  number  of  such  cases.  On  the  other  hand  Grivet  haa 
rcfujnled  ft-rtiiiu  cases  of  retarded  orchitis,  the  testicular  trouble 
cnraiug  on  some  time,  weeks  or  months,  after  the  disappearance  of 
the  parotid  ttwelliiig. 

l/n(/ifilix  anil  PfoHfafitis. — The  testicle  is  not  the  only  portion  of 
tlie  genital  ajiparatus  which  may  suffer  in  the  course  of  an  attack  of 
luuMips.  TiiP  uretlira,  the  prostate,  and  the  seminal  vesicles  may, 
ultliongh  rarely,  prewout  more  or  less  marked  symptoms  of  inflam- 
matinn.  In  ten  cases  of  orchitis  reported  by  Barthez  and  Sann^J 
tlicn^  were  five  iu  which  there  was  a  yellowish  viscous  dis.  1 
tlie  urethra.  Tliese  patients  recoveretl  promptly  enou>.;! 
authors  have  noted  rare  instances  of 
the  presence  of  the  gouncoceiis  waf 
niiin,  tweuty-nne  yearn  old,  sufft 
who  had  a  well-marked  prostatit 
glaud,  which  lasted  three  days. 
years  old,  who  was  suffering  frc 
result  of  mumi>s,  I  was  able  by  re 
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existence  of  marked  teDderoess  of  the  oonespoodiag  lialf  oi  Urn  ] 
tate  aud  of  the  seminal  vesicle  on  this  aide.    If  it  va«  aMds  •  i 
of  routine  to  note  the  condition  of  the  prostate  br  rectal  < 
in  every  case  of  orchitis  complicating  mumps  we  akonld 
find  that  more  or  less  participation  of  the  prostate  in  the 
process  is  quite  common. 

Ovaritis. — In  women  also  the  glands  of  the  genital  apparatos  may 
be  affected  in  mumpe,  but  this  complicatiun  is  less  common  than  the 
analogous  trouble  in  man,  and  the  inflammation  is  apt  to  be  less  in- 
tense. In  two  women  of  twenty-nine  and  thirty-two  years  respec- 
tively, Rizet  observed  intense  pains  which  seemed  to  reside  in  the 
ovaries.  Niemeyer,  without  reporting  any  specific  instances,  spealia 
of  pain  in  the  ovarian  region  occurring  in  the  coarse  of  mumps. 
Meynert  found  a  week  after  an  attack  of  mumps  in  a  girl,  sixteen  years 
of  age,  a  rounded,  ijjiiuful  swelling  in  the  right  iliac  fossa;  this  had 
disappeared  at  the  end  of  three  weeks.  Bouteillier  noted  the  occur- 
rence of  iliac  pains,  soon  becoming  limited  to  the  right  side,  in  a 
woman,  twenty -four  years  old,  who  was  suffering  at  the  time  from 
mumps.  In  the  right  fossa  a  tumor  somewhat  elongated  transversely 
could  be  felt,  which  was  mobile  and  painful  on  pres.sure ;  recovery 
took  place  in  two  weeks.  Vogt  has  related  to  me  the  following  caHe : 
A  girl,  eleven  years  old,  who  had  had  an  attack  of  mumps,  com- 
plained of  distress  in  the  right  side  of  the  abdomen,  aud  on  deep  jiid- 
patiun  a  tumor  the  size  of  an  almond  could  !»  folt;  this  disji[ij>eared 
at  the  end  of  nine  days.  Such  are  the  rare  instances  of  ovaritis  oftm- 
plicating  mumps  which  I  have  been  able  to  collect.  It  is  a  matter  of 
some  astonish  ment  that  the  testes  muliebres  sbould  ho  commouly 
escape  a  process  which  attacks  with  such  predilection  the  seminal 
glands  in  man. 

Ill/la mtnation  of  (he  Labia  and  Vulval  Glands. — A  metastjisis  to  tbo 
labia  majora,  alrea<^ly  noted  by  Laghi  in  the  precetling  century,  luui 
been  observed  by  Rilliet  in  the  ])erson  of  a  woman  tliirty-«ix  y^-an* 
of  age.  In  this  woman,  a  swelling  of  the  labia  majora  ajiijeanwl  'm 
the  fifth  day  of  an  attack  of  mumps,  aud  disaiifieAred  in  tlie  lumrm:  '4 
three  or  T  Peter  believes  that  this  swelling  in  due  U)  »ri  if»- 

flammat'  llioliu'g    ;lands.     In  a  caoe  of  this  kind  (j»UiMf4 

'^'  juration. 

•rs    liave    noted    thin   rfftnjA'wMiUm    '4 

>  such  instanceM.     In  IImi  ftrxt  «  icJrt, 

tis  which  HoljMdMl  im  thti  Mifc  4*f  < 

up  and  the  man  mm  ^jwwmm  mm^Mm 

Tlwixi^/ymi  n$m  turn 


584  OOIIBY— MTTtPS. 

that  of  a  girl  of  fifteen  years  in  whom  a  painful  swelling  of  the  bieaste 
appeared  on  tbe  fifth  day  of  mumps,  while  the  parotids  were  yet 
enlarged;  recovery  took  place  ou  the  seventh  diiy.  The  third  patient 
was  a  pregnant  woman,  thirty  years  of  age;  on  the  sixth  ilay,  while 
the  parotid  swelling  was  diminishing,  the  breasts  became  large  and 
tender;  ou  the  eighth  day  sweating  occurred  and  the  woman  recov- 
ered. Rochard,  CavaUini,  J.  Franck,  Roche,  Cullen,  and  Sir  A. 
Cooper  have  mentioned  swelling  of  the  breasts  in  women  soffeiiug 
from  mumps:  Jobard  noted  a  considerable  enhirgement  of  the  breasts 
in  an  East  ludian  woman  who  was  suffering  from  miimj^,  and  in 
whom  the  i>arotid  swelling  reappeared  when  the  mastitis  subsided. 
Rizet  mentions  the  occurrence  of  maiumary  engorgement  in  a  little 
girl  of  five  years  during  an  attack  of  parotitis.  He  also  report*  an 
engorgement  of  the  mammary  glands  in  two  soldiers  as  a  result  of 
mumps;  in  one  of  these  there  appeared  four  accessory  glands  which 
remained  visible  for  ten  days,  and  a  serous  fluid  could  be  esprrased 
from  the  nipples.  Marchand  also  observed  in  the  case  of  a  soldier 
sufifering  from  mumps  an  engorgement  of  the  mamma  from  which  a 
whitish  fluid  could  be  expressed;  the  same  man  had  an  attack  of 
orchitis. 

Thus  we  see  that  all  parts  of  the  genital  apparatus  and  even  its 
accessories  are  exposed  to  attacks  by  mumps. 

Non-Genital  Locauzatioss  and  Compucatioks. 

TJiifmiti  Gland. — A  thyroid  complication  has  been  noted  by 
Miitignou"  and  Guelliot."  The  case  of  the  latter  was  that  of  a 
young  girl,  twelve  years  old,  who  was  taken  on  May  11th,  1889,  with 
a  moderate  swelling  of  the  right  parotid  gland.  On  May  14th  the 
neck  Ix^gau  to  increase  in  size,  juid  on  the  16th  there  waa  seen  to  be  a 
horseshoe-shaped  swelling  in  the  front  part  of  the  neck,  most  promi- 
nent on  the  right  side;  the  right  lobe  of  the  thyroid  gland  was  the 
size  of  a  pigeon's  egg,  the  left  being  smaller.  Tltere  was  no  periph- 
eral u'dema,  the  patient  had  no  pain,  fever,  or  submaxillary  ade- 
nitis. On  Mft.v  17th  the  thyroid  began  to  diminish,  and  the  follow- 
ing day  had  resumed  itw  normal  size. 

Li/iiiplt(iflr  (janf/fia. — Coses  of  submaxillary,  preauricular,  or 
cervical  a<lenitis  are  not  rare  as  a  complication  of  mumps ;  they  are 
ordiuarily  teuijiorary  only,  though  Rilliet  has  reported  one  case  in 
wliich  a  scrofulous  adenitis  followed  an  attack  of  mumps.  Catrin  had 
reconled  fifty  cases  of  adenitis  of  variable  location,  several  V>eing  of  a 
gonian  adenitis  iu  front  of  the  masseter.  Lafforgue"  has  noted 
adenitis  marking  the  beginning  of  mumps  in  five  men  from  twenty- 
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one  to  twenty-three  years  of  age,  the  primary  sabmaxillary  adeoitis 
preceding  by  forty-eight  hours  at  least  the  parotid  engorgement  and 
disappearing  with  the  latter.  Occasionally  suppuration  occurs  in 
these  cases  of  adenitis  complicating  mumps.  Madamet  has  re- 
ported a  i^rsistent  retro-  and  sub-maxillary  adenopathy  in  five 
soldiers.  Jourdan  observed  swelling  of  the  cervical  lymphatic 
ganglia  three  times  in  sixty-one  cases  of  mumps.  Bizet  saw  in 
a  soldier  with  mumps  a  chain  of  enlarged  glands  in  the  neck 
which  persisted  for  two  months.  Since  my  attention  has  been 
called  to  this  point  I  have  very  frequently,  in  children,  seen  a 
more  or  less  lasting,  but  benign,  cervical  adenopathy  occurring  as 
a  sequel  of  mumps. 

Suppurative  Paro/jVis.— Suppuration  in  the  course  of  mumps  is  a 
relatively  rare  occurrence  if  we  consider  the  entire  number  of  cases, 
but  absolutely  there  are  very  many  instances  of  this  accident  on 
record.  Barjon"  saw  three  cases  of  suppurative  mumps  in  the  same 
epidemic.  In  one  of  these  cases  there  was  a  gangrenous  abscess  with 
burrowing  of  pus  along  the  vessels  of  the  neck,  but  recovery  even- 
tually occurred.  In  such  cases  there  has  probably  been  a  secondary 
infection,  analogous  to  what  we  sometimes  see  in  typhoid  fever, 
smallpox,  pneumonia,  measles,  etc.  Busquet  and  Fene,  in  a  paper 
read  at  the  Bordeaux  Medical  Congress  in  1895,  drew  especial  atten- 
tion to  the  relation  existing  between  streptococcal  inflammations  and 
mumps,  reporting  four  cases  of  erysipelas  following  parotitis. 
Stoicesco"  has  reported  a  case  of  supi>iirative  mumps  in  a  man  of 
thirty  years  and  another  in  a  woman  of  thirty-thiee  years.  Dionis 
noted  in  the  course  of  an  epidemic  among  the  ladies  of  St.  Cyr  in 
the  last  century  that  su[)puration  occurred  in  almost  every  case  of 
mumps,  but  there  is  some  doubt  whether  these  were  true  cases  of 
mumps.  In  an  epidemic  afifecting  nearly  one  hundred  persons  at  La 
Pelisse,  Maslieurat  saw  suppuration  but  once,  and  Laveran's  experi- 
ence was  the  same  in  an  epidemic  which  he  saw  in  Paris.  Bucquoy, 
out  of  several  thousand  cases,  saw  only  two  which  terminated  in  sup- 
puration. Ferrand  reports  one  case  in  a  child  of  seven  years,  in 
which  a  bacteriological  examination  revealed  the  presence  of  strepto- 
cocci. 

Digestive  Tract. — The  digestive  manifestations  of  mumps  have 
received  but  little  attention  from  students  of  the  disease.  I  have 
already  spoken  of  the  buccal  exauthem,  the  pultaceous  stomatitis  and 
erythematous  sore  throat,  in  which,  however,  there  is  nothing  of  a 
specific  character.  The  coated  tongue,  anorexia,  and  constipation 
are  too  common  and  insignificant  to  require  description.  Thierry 
de  Maugras  has  noted  catarrh  of  the  biliary  passages  in  some  cases 
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!  mumps  seen  by  him  in  1848,  and  Holdmau  lias  spoken  of  the  oo- 

irrence  of  jaundice. 
Respiratory  Apparatus.^(H^eina  of  the  glottis,  fatal    in  a  few 

stances,  has  been  noted  as  a  complication  of  mumps.     I  have  ob- 

rved  a  case  of  pTxlmonary  congestion  with  profuse  hwrnopt^sis,  and 
rklen  has  recordecl  a   case  of    pulmonary   apt>plex.v  with    dia- 

iragmatic  neuralgia.     Holdraan  reports  a  case  of  pulmonary  embo- 
m  of  i>arotid  origin.     Boinet  has  seen  bronchopnetunonia.    Fer- 

and  saw  a  fatal  attack  of  pleurisy  complicating  raunips  in  n  lady  of 

Ivanced  age.     Although  these  complications  affecting  the  respifa- 

orj  organs  are  rare,  they  may  be  of  extreme  gravity.     Tourtelle 

eports  two  fatal  cases  of  cedema  of  the  glottis,  and  Jaoob  one  of 

<Bdema  of  tlie  larjnx.     In  a  case  of  the  same  sort,  Pilatte"  performed 

tracheotomy  and  the  patient  recovered. 

Circulatory  Apjxrralim. — In  addition  to  the  functional  disturbaooM 
which  may  be  noted,  such  as  tachycardia  at  the  beginning  of  tbe 
disease,  a  Blowing  of  the  pulse  at  the  period  of  defervescence,  and 
arrhythmia,  cases  have  been  observed  of  |ipri-  and  tnidt>-c;irditi(*, 
Qaohon"  has  reported  a  case  of  pericarditis  oomplioatiiig  mnmps, 
and  he  says  that  the  affection  in  such  cases  is  usually  dry,  tinaoorwii- 
panied  by  other  complicatioos,  and  not  commonly  (atal,  bot  it  may 
coexist  with  endocarditis.  It  is  only  when  it  oooare  in  iwtientB  w1k> 
are  free  from  rhemnatic  taint  that  it  deserves  to  be  regarded  as  a 
true  complication  of  mumps.  Jaccond  has  reported  two  cases  of  en- 
docarditis coming  on  during  an  attack  of  mumps ;  in  one  recovery 
took  place,  in  the  other  the  condition  became  chronic.  This  form 
of  endocarditis  is  located  for  the  most  part  at  the  mitral  orifice. 
Bourgeois"  and  Catrin  have  reported  cases  of  the  same  complication. 
We  must  take  care  not  to  mistake  an  ansemic  murmor  for  the  expres- 
sion of  an  organic  lesion. 

Rheumatism. — We  pass  very  naturally  from  a  consideration  of  the 
cardiac  complications  of  mumps  to  that  of  the  numerous  instances 
of  arthropathy  which  have  been  mentioned  by  writers  on  mumps. 
Trousseau  has  recorded  the  occurrence  of  articular  pains  in  mnmps 
which  were  similar  to  those  observed  in  scarlatinal  rheomatiam. 
Jourdan,  in  a  study  of  sixty-one  cases,  noted  four  of  articular  pains 
in  the  shoulders,  elbows,  and  wrists.  These  arthropathies,  which 
are  unmarked  by  swelling  or  effusion  into  the  joints,  osoally  disap- 
I)ear  in  the  course  of  a  few  days.  In  some  of  the  reported  cases 
there  is  reason  to  suspect  that  true  rheumatism  was  the  underlying 
condition.  Thus  Billiet  saw  acute  rheumatism  follow  an  attack  of 
mnmps  in  two  brothers,  but  one  of  these  had  suffered  from  true 
rheumatism  some  years  previously,  and  the  parotitis  served  only  as 
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an  exciting;  cause  to  light  up  tlie  old  trouble.  In  other  cases,  how- 
ever, it  seems  as  though  the  attack  ui  mumps  really  determined  a 
sort  of  infectious  pseudorheumatism.  A  few  joints  only  are  involved 
at  a  time,  fixation  in  consequence  of  the  arthralgia  occurs,  the  process 
passes  along  the  synovial  sheaths  and  invades  the  biirste  (the  pre- 
patellar bursa  in  a  case  reported  by  Bergeron),  there  is  moderate 
fever,  hydrarthrosis  occurs,  etc.  As  a  rule  this  form  of  rheumatism 
terminates  in  resolution,  but  suppuration  may  occur  in  some  cases. 
Sometimes  the  rheumatic  symijtoms  precede  the  occurrence  of  the 
parotid  swelling.  In  one  case  of  arthritis  complicating  mumps  Catrin 
found  the  diplococcus  in  the  exudate. 

A'ephritis. — In  thirty -nine  cases  in  which  the  urine  was  examined 
every  two  or  three  days,  Catrin  found  albuminuria  in  twelve,  that  is 
to  say,  in  about  thirty  per  cent.  Pratolougo  noted  the  occurrence 
of  anasarca  in  certain  cases  of  mumps  which  was  similar  in  all  its 
characters  to  scarlatinal  anasarca.  Renard  reports  three  young 
soldiei's  suffering  from  mumps  who  had  albuminuria  and  anasarca, 
and  he  attributed  the  complication,  from  which  all  recovered  per- 
fectly, to  a  renal  congestion  similar  to  that  of  the  parotid  gland.  In 
a  more  recent  epidemic  the  same  observer  saw  several  cases  of  albu- 
minuria of  which  three  terminated  fatally.  In  a  fourth  case  the  pa- 
tient had  already  had  mumps,  and  at  the  time  of  observation  had  a 
very  considerable  oedema  of  the  scrotum  and  lower  extremities,  from 
which  he  recovered  perfectly.  Jourdan  saw  a  case  of  mumps  com- 
plicated with  hematuria ;  in  this  case  there  was  also  a  swelling  of 
the  thyroid  gland.  Colin  twice  saw  anasarca  in  soldiers  suffering 
from  mumps.  One  of  these  patients  was  a  very  robust  and  ordinarily 
healthy  man,  twenty -four  years  of  age.  On  October  23d,  1875,  while 
on  guard,  he  felt  discomfort  in  the  testicles,  which  soon  after  became 
swollen,  the  right  more  than  the  left.  On  the  day  following  this 
there  appeared  a  swelling  in  the  left  jmrotid  region  unaccompanied 
by  any  marked  fever.  The  face  then  became  puffy  and  the  oedema 
spread  over  the  entire  body.  The  urine  contained  albumin.  Purga- 
tives and  diuretics  were  given,  but  no  improvement  ttxjk  place.  On 
November  <ith  he  noted  a  disturbance  of  the  sight;  the  visual  acuity 
was  diminished,  the  papilla  was  ojdematous,  and  there  were  spots  on 
the  retina.  On  November  10th  the  patient  complained  of  dj-spnoea 
and  headache  with  insomnia,  and  on  the  12th  it  was  note<l  in  the 
report  that  the  cephalalgia  was  so  intense  as  to  cause  the  man  to  cry 
out  with  the  pain.  On  the  following  day  he  had  an  epileptiform  con- 
vulsion followed  by  coma.  The  amount  of  urine  passed  did  not 
exceed  300  gm.  in  the  twenty-four  hours;  it  contained  10  gm.  of 
urea  and  22  gm.  of  albumin  per  litre.     Four  leeches  were  applied  to 


i  mostoiu  process,  and  tlie  blood  removed  was  found  to  coDtain  nreA 

id  fat.     The  mau  bad  other  epileptiforiu  convulsioas  and  died  oa 

rember  2l8t.     At  tlie  autopsy  the  kidne.vs  were  found  to  be  en- 

rged,  the  cortical  substance  was  yellow  in  appearauoe  and  contained 

nerous  white  spots.     Under  the  microscope  there  was  seem  to  be 

^retitial  proliferation,  the  tubules  were  filled  with  fibrinous  and 

inulo-fatty  casts.     The  Bpleen  was  enlarged,  the  heart  was  hyper- 

lopbied,  and  there  was  hydrothorax  with  pulmonary  CBtlema. 

In  a  case  rei>orted  by  Karth*  there  wiis  inteuse  albnminuria  fol- 
wing  a  i*eriod  nf  anuria.     Jaccond  mentions  the  same  com[jlicattoD, 
id  Gage  "  made  it  the  subject  of  a  thesis.     Although  it  is  more  rare 
the  child  than  in  the  adult,  n<  is  has  nevertheless  be«ti  ob- 

in'ed  in  youug  subjects  as  a  col  .tiou  of  mumps.     Croner  has 

iDorted  a  case  of  the  kind  occur     ^  in  a  child  of  aix  years.     In 
jvember,  1883,  during  an  enid  iu  Berlin,  a  boy,  sii  yeiirs  old. 

ro«  seized  with  a  jiamtid  sw         5  on  the  left  side,  preceded  by  quite 
sharp  fever,     Tliis  parotitis  terminated  in  resolutiou,  but  five  dai » 
ter,  the  child  not  ha%'iug  yet  left  his  bed,  thcu*e  was  a  new  access  of 
rer  and  the  ]>arotid  again  enlarged.     This  engorgement  disapiieafed 
rather  quickly,  Ijut  the  child  remained  laugui<l  and  had  no  desire  to 
i  up.     Fifteen  days  after  the  onset  of  the  mumps  there  was  noticed 
cedema  of  the  eyelids  and  of  the  dorsal  surfa(*es  of  the  bauds  and 
it,  together  with  a  slight  degree  of  ascites.     The  urine,  which  was 
excreted  in  small  qutmtity,  was  bloody  and  contained  a  large  proftor- 
tion  of  albumin.     Six  days  later,  while  the  nephritis  was  progressing 
favorably,  the  temperature  rose  {^ain,  the  lymphatic  glands  at  the 
angle  of  the  left  jaw  together  with  the  neighboring  connective  tissue 
became  swollen,  and  the  urine  again  contained  blood  and  albumin. 
In  a  week  these  phenomena  had  again  subsided,  but  now  the  ganglia 
on  the  right  side  took  their  turn.     After  this  the  albuminuria  per- 
sisted for  five  weeks  and  the  beginning  of  convalescence  was  delayed 
until  about  two  months  after  the  onset  of  the  trouble. 

Skin. — Various  cutaneous  symptoms  have  been  observed  in 
mumps.  Q.  Morard  "  has  observed  in  the  case  of  two  soldiers  with 
mumps  an  eruption  resembling  measles,  consisting  in  red  elevated 
spots,  disappearing  on  pressure,  over  the  trunk  and  limbs.  The 
eruption  occurred  without  any  elevation  of  temperature.  B.  Pail- 
has"  has  reported  a  scarlatiniform  eruption  in  a  girl  of  thirteen 
years,  a  vesicular  eruption  in  a  girl  of  seven  years,  and  a  varioliform 
papulovesicular  eruption  preceding  by  three  days  the  parotid  swell- 
ing in  a  boy  seven  years  old.  In  a  boy  nine  years  of  age  Guelliot 
found  multiple  areas  of  painful  oedema  unaccompanied  by  albami- 
noria.    The  child  was  thin  and  frail  in  appearance  and  had  soiEered 
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severely  from  gastroenteritis  iu  early  chiltUiood.  Having  beeu  out 
oue  cold  (lay,  Le  complained  of  malaise  ou  retuming  to  the  bouse, 
and  had  a  chill;  that  eveniug  mumps  appeared.  The  followiug  day 
(December  17th)  he  had  pains  in  the  wrists  and  a  white  cetlematous 
swelling  of  the  hands  and  forearms,  without  any  fever.  The  day  suc- 
ceeding this  he  complained  of  paiu  iu  the  right  leg  and  there  was  slight 
cedema  herewith  several  petechiie;  there  was  no  albuminuria.  On 
December  20th  orchitis  appeared  ou  the  right  side,  aud  there  were 
some  ecchymoses  in  the  right  eyelid.  The  ftillowing  day  the  left  arm 
was  the  seat  of  a  soft,  white,  painful  swelling.  Ou  the  '22d  there 
was  some  improvement,  but  the  day  following  this  orchitis  ap])eared 
on  the  left  side,  the  jirepuce  became  oedemafaiun,  and  there  was  also 
a  painful  a-dema  of  the  scalp.  On  December  'ioth  there  was  (edema 
of  the  right  eyelids,  ou  the  26th  jiainful  u'dema  of  the  right  calf,  and 
on  the  28th  o'dema  of  the  doi'sal  surface  of  the  feet.  Anii;mia  was 
marked,  but  uo  allnimiuuria  was  found  at  any  time.  Ou  the  Hist 
convalescence  set  in  and  tlie  boy  made  a  good  recovery. 

Xercons  Systeni. — The  nervous  c(jm]tlications  of  mumps  are  very 
interesting  and  sometimes  very  grave.  As  in  all  thti  iufcctious  dis- 
eases we  may  have  ataxo-advnamic  phenomena,  restlessness,  <h»lirium 
carphologia,  and  convulsions.  Sir  Astley  Coojier  saw  a  child  dii>  in 
delirium  after  a  sudden  resolution  of  the  parotitis.  OnUnaiilv  the 
nervous  accideuts  precede  or  accompany  nrchitis.  In  udditinn  tn  tlie 
ordiuary  uervous  accidents  raeutioufd,  cjiscs  lijivt'  Ik-i-u  n-pnrti-d  iu 
which  there  occurred  hy.steriform.  ei)iIei.tifonii,  nr  maniacal  attacks 
but  in  these  cases  there  was  most  frequently  a  [iiccxisting  neurosis 
to  account  for  the  unusual  symptoms,  thf  attack  of  uiumps  acting 
only  as  an  exciting  cause  of  the  ])ariixysm. 

Lanuois  and  Lemoine='  lay  special  emphasis  ou  tlu.  nn-ningitic 
and  cerebral  complications  of  mumps.  They  recall  a  <'asc  n>p.)rt..d 
by  Hamilton  of  a  young  man,  twenty-two  years  of  agi-,  who  died  in 
a  furious  maniacal  paroxysm  (luring  an  attark  ol  nmmps,  one  of 
Gillet  concpniing  a  mau  wlio  died  aftin-  having  jiad  di-lirium  and  two 
attacks  of  s;  hi..,,,.-,  one  <f  Behr  in  whi<.ii   recovery  followed  eoma 

ompanied  liy  fever,  and  aiiotjier  <.f 
1  dnliriuiii  with  sonsory  illusions  and 
the  symptoms  were  acute  and  trausi- 
illy  upou  certjiin  cases  in  wliich  the 
ly,  aphasia  and  jiaralysis.  Healy  re- 
X'ciirred  in  Monro's  service:  A  chihl, 
>us  (Mjnstitution,  contracted  mumps, 
when  delirium  and  fever  supervened 
aveniug  of  the  tifth  day  the  tempers 


OOMBY- 


re  was  F.,  the  pupils  were  insensible  to  light,  and  there  vws 

inate  com  tipatiou.     The  following  dajtn  the  delirium  waa  bo  fun- 

a  that  it  waa  necessary  to  restrain  the  patient.     On  the  eighth  da^ 

ma  appeared,  the  paUe  was  filifonu,  the  temperature  fell  a  little 

°  F.),  but  there  were  crises  of  furious  delirium  in  which  the  child 

d  to  bite  those  about  him.     No  headache  waa  complained  of  and 

jre  was  no  vomiting.     Walking  was  difficult  for  some  six  moutlui 

ter  recovery,   there  being  incoordination  and  uncertaintj-.     The 

eech  was  troubled,  the  child  was  verj'  emotional,  and  he  hiid 

fTaphia.     Another  case  was  in  the  person  of  a  lad  of  seven te«u  yeare 


ho  had  mumps  w'*"'^  nivVii^ia  "«  fK 


] 


right  side;  he  was  snddealr 

aphasia   and  right  braehuil 

-^ered.     Sorel  saw  a  corpond, 

lospital  on  account  of  orchitia 

waa  over  107    F.,  and  there 

don,  and  then  aphasia  which 

)  seen  bj  Lannois  and  Lemoioe 

.     The  patient  wtis  an  artillery- 

,ry  for  double  mumps,  which 

later  the  man  was  seized  with 

was  found  in  a  semicomatose 

1  presence  of  right-sided  henu- 

t  degree  of  coutracture.    The 


dized  with  furious  a       laa 
monoplegia  with  aneesUief 

wentj'-four  years  old,  ad 

K)m  plica  ting  mumps:  the 
was  delirium  followed  by 
continued  for  fifteen  montus. 
aphasia  and  right  hemiplegia  ocot 
man  who  was  admitted  to  the 
disapjieared  promptly.  One  we 
vomiting  and  lost  consciousness 
condition,  and  eicaniination  showea 
plegia  with  hemiantesthesia  and  a 
face  was  paralyzed  oo  the  left  side.  When  the  patient  reoovered 
consciousness  he  was  unable  to  articulate  a  single  syllable  and  had 
to  employ  signs  to  express  his  wants.  The  fever  was  102°  to  103° 
F.,  but  the  pulse  was  only  60  to  the  minute.  A  dose  of  sulphate 
of  sodium  was  given  and  ten  leeches  were  applied  to  the  mastoid 
processes.  There  was  retention  with  overflow  of  urine  and  it  waa 
necessary  to  use  the  catheter.  Finally  power  of  movement  returned 
and  the  aphasia  disappeared.  All  these  symptoms,  according  to 
Lannois  and  Lemoine,  were  due  to  hypersemia  of  the  meninges  or  to 
a  meningoencephalitis. 

We  do  not  deny  that  cases  of  encephalitis  occurring  in  mumps  are 
in  some  cases  due  to  congestive  or  inflammatory  lesions  of  the  me- 
ninges, but  when  we  see  mania,  melancholia,  hysteria,  or  epilepsy 
coming  on  in  patients  during  an  attack  of  mumps  we  must  look  be- 
hind this  disease  to  an  hereditary  nervous  taint,  or  sometimes  to 
alcoholism. 

Paralysis. — After  mumps,  as  after  diphtheria,  there  may  be  either 
spinal  or  peripheral  paralysis,  ordinarily  curable ;  some  interesting 
instances  of  this  have  been  reported  by  JoflFroy"  and  other  writers. 
A  little  girl  four  and  a  half  years  old  was  brought  to  Joflfroy  on 
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account  of  a  flaccid  paralysis  of  the  four  extremities;  she  could 
neither  walk  iior  stand  erect ;  there  was  absence  of  teudun  reflexes  as 
well  as  of  galvanic  and  faradic  contractility.  The  bladder  and  rectum 
were  not  affected.  The  diagnosis  of  infantile  paralysis  or  of  Pott's 
paralysis  was  rejected.  Joffroy  considered  the  possibility  of  a  diph- 
theritic paralysis  bat  could  obtain  no  history  of  this  disease;  the 
child  had  had  muiups,  however,  five  weeks  previously.  Eight  days 
after  the  beginning  of  the  disease  the  child  had  laufiniitinjj;  jiaios  iu 
the  arms  and  then  an  intense  itchiug  of  the  geuital  organs;  the  pains 
afterward  extended  to  the  thigh  and  legs  and  there  was  formication 
of  the  parts.  Three  weeks  after  the  ai>pearaiic*ij  of  the  mumps  para- 
plegia was  marked,  and  there  was  also  a  slight  but  iutermittcnt  albu- 
minuria. Thirty  days  from  the  commencement  of  the  disease  the 
paralysis  had  involved  the  ujiper  extreinities.  .\  tonic  treatment 
■was  instituted,  and  stimulating  frictions  were  made  twice  a  day, 
iodide  of  potassium  being  given  internally.  Soon  the  power  of  move- 
ment returned  in  the  lower  extremities  and  tlien  in  the  up[>er,  and 
the  albuminuria  diminished.  Three  mouths  later  the  child  had 
almost  entirely  recovered. 

Chavanis"  has  reported  the  ca,se  of  a  man  fifty-five  years  old  who 
had  mumps  and  orchitis  with  high  fever  and  ])rolouged  delirium. 
Fifty  days  after  the  onset  of  the  disease  he  had  lumbar  pains,  cepha- 
lalgia, hebetude,  aud  weakue.ss  of  the  legf^,  ps]»eci;illy  of  tlie  left ;  there 
was  a  sensation  as  if  the  left  fof)t  were  too  short  and  lie  dragged  the 
leg  on  this  side.  Iu  walking  he  had  a  sensation  as  if  the  hoIcs  ai  the 
feet,  esiiecially  the  left,  were  of  rubber.  Tliere  was  svveatiug  on  the 
left  leg  but  not  on  the  right.  One  year  Liter  there  was  inelnucliolia 
with  same  hebetude,  but  the  patient  was  iddi'  to  work  better  than 
before.  He  had  frequent  headat-hes  aud  general  weaknesM  iiersisted, 
there  were  involuntary  seiuiual  I'missious  and  impotence  was  almost 
complete.  The  spine  was  ]minful  on  pressure  and  the  lower  extremi- 
ties, especially  the  left,  were  paretic.  There  were  cramps  in  the 
calves  and  ff>rmication  in  the  left  foot.  Tlie  jiaralysis  was  never 
sufficiently  pronounced  to  jireveut  walking,  but  there  was  merely  a 
difficulty  with  a  feeling  of  weiglit,  and  the  left  leg  often  gavii  way 
under  him.  Two  years  later  recovery  had  taken  i>lnce,  the  sadness 
disappeared  and  work  had  again  l)ecome  easy  ;  nevertheless,  the  lower 
limbs  were  not  so  strong  as  formerly  and  the  left  leg  esjieeially  re- 
mained weak.  This  case  is  remarkable  mi  account  of  the  severity  of 
the  initial  symptoms  aud  the  extremely  long  duration  of  the  paralysis. 
On  December  19th,  l.Sik"),  I  saw  a  child,  three  and  a  jnilf  years  ohl, 
who  had  had  mumps  a  montli  previously.  For  a  week  he  hiul  had  a 
weakness  in  the  lower  extremities,  which  made  walking  impossible. 
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The  reflexes  were  abolished  and  there  were  pains  in  the  knees.  The 
child  recovered.  Revilliod  "  has  reported  the  case  of  a  boy  of  seven 
years  who  had  symptoms  of  paralysis  a  few  days  after  an  attack  of 
mumps.  There  was  flaccid  paralysis  of  the  four  extremities,  most 
marked  in  the  lower  limbs,  together  with  complete  left  facial  paraly- 
sis and  paralysis  of  the  right  hypoglossal  nerve  and  of  the  velum 
palati.  Deglutition  was  difficult  and  respiration  was  slow  and  sigh- 
ing, but  the  sphincters  were  intact.  Subcutaneous  injections  of 
strychnine  were  given,  together  with  stimulating  frictions,  electricity, 
and  salt  baths.  In  two  months  the  paralysis  disappeared  but  the 
reflexes  were  not  restored. 

The  Special  Senses. — The  organs  of  sight  and  of  hearing  are  quite 
frequently  affected  in  mumps.  Hatry  of  Lyons  has  noted  a  diminu- 
tion in  the  acuteness  of  vision,  photophobia,  lacrymation,  and  injection 
of  the  papilla.  He  mentions  especially  palpebral  oedema  which  has 
also  been  seen  by  others.  Boas  has  reported  a  case  of  amblyopia  due 
to  mumps  in  a  girl  of  seven  years.  Dor  reports  a  case  of  dacryoadeni- 
tis  due  to  the  same  cause  in  a  child  three  years  of  age ;  the  patient  also 
had  lacrymation  and  photophobia.  Adler,  Hirschberg,  and  Marc 
Dufour  have  observed  similar  manifestations  and  have  even  described 
mumps  of  the  lacrymal  gland.  Leriche"  has  made  this  the  subject 
of  a  thesis.  The  symptoms  consist  in  orbital  pains  radiating  to  the 
forehead  and  to  the  temporal  regions,  the  eyelids  are  swollen  and 
oedeniatous,  covering  the  eyeball,  and  there  is  also  a  chemosis.  A 
diagnosis  might  bo  made  of  simple  coujunctintis,  but  on  careful 
examination  we  find  an  oblong,  smooth,  hard  swelling,  painful  on 
pressure,  at  the  sit<»  of  the  lacrymal  gland.  In  from  twenty -four  to 
thirty -six  hours  the  (edema  diminishes  and  the  pains  disapjwar.  In 
the  treatment  of  this  affection  warm  fomentjitions,  astringent  collyria, 
eye  washes  of  boric  acid,  and  scarification  have  been  recommended. 

Tlie  aural  manifestations  are  less  rare  and  more  interesting;  they 
are  also  more  grave,  for  tliey  freciuently  result  in  incurable  deafness. 
Catrin  lias  made  a  careful  study  of  tliis  conii)lication.  "The  disease 
presents  itself  witli  constant  and  uniform  characteristics  which  give 
it  a  special  i>hysiognomy  which  hius  been  well  described  by  CL. 
Eloy.  The  occurrence  of  deafness  is  rapid,  often  unexpec-tetl  ami 
almost  sudden,  and  is  ordinarily  an  early  symptom,  but  one  case 
havini.;  been  r»>]>iirte(l  in  which  it  occuired  after  two  weeks.  Even 
wheii  it  is  unilateral  it  has  no  corresiiondence  with  the  seat  of  the 
]>arotitis;  the  influence  of  sex,  age,  and  tlie  gravity  of  the  original 
disease  seems  to  b(^  nil.  The  affection  may  or  may  not  be  accora- 
pauic(l  by  general  sym])toms,  such  as  noises  in  the  ears,  disturbance 
of  equilibrium,  vomiting,  insomnia,  and  finally  vertigo,  which  latter 
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IV  persist  for  months  or  jeare,  or  mar  become  atteQnatod,  leaTin^; 
a  simple  vertiginoiis  condition,  which  is  increased  by  any  csofles 
which  in  themselves  tend  to  prodace  vertigo,  such  as  looking  from  a 
height  and  the  like.  We  need  not  stop  to  examine  here  the  value  of 
the  theories  which  have  been  advanced  to  explain  these  symptoms, 
but  we  hold  frankly  to  the  opinion  of  Foumie  that  there  is  a  direct 
impression  of  the  auditorj'  centres,  or  perhajw  we  may  add,  of  the 
auditory  nerve.  The  absence  of  lesions  and  the  inefBciency  of  thera- 
paatic  measures  suffic«  to  distinguish  this  vertiginous  deafness  of 
mumps.  St.  John  Roosa  and  Tsakyroglous  claim  to  have  obtained 
some  improvement,  as  regards  the  vertigo  at  least,  by  the  administra- 
tion of  sulphate  of  quinine.  Boosa  in  forty -five  hundred  cases  of  ear 
disease  saw  ten  of  labyrinthine  affection  following  mumps,  but 
some  of  these  cases  are  rather  indefinite.  In  one  instance,  for  ex- 
ample, there  had  been  scarlatina,  mumjts,  and  meiisles,  and  it  is  diffi- 
cult to  say  what  part  each  of  these  affections  had  had  in  producing 
the  deafness.  In  another  case  a  woman  thirty -five  years  old,  who 
was  already  deaf  as  a  result  of  scarlatina,  found  the  deafness  increased 
after  an  attack  of  mumijs.  Meniere  in  1887  rejKirted  four  cmu'H 
presenting  the  same  symptoms,  the  same  rapidity  of  evolution,  and 
the  same  obstinate  inc-urability.  Kipp  has  seen  two  casen  uf  the 
sort.  Connor  in  1884  collected  thirty -three  cases,  among  th<*ni  wniu) 
benign  ones,  and  he  thought  the  lesions  were  located  in  the  semi- 
circular canals.  Finally  Tsakyroglous"  rejtorts  two  ciihuh,  in  one  of 
which  recovery  occurred,  and  another  case  of  8nj»pur»tiv(^  r>titiH.  The 
treatment  most  commonly  employed  has  l>een  by  elwtricity,  iodidi^ 
of  potassium,  revulsions,  and  finally  jril<)carpiijf,  wliich  IntU'r,  Ikivv- 
ever,  does  not  seem  to  have  met  the  fxi)fcctiitiuu«  of  earn  whifli  tlie 
first  trials  of  it  aroused. 

In  addition  to  these  cases  of  incurable  deafness,  fither  iiistiitiiTS 
have  been  recorded  at  the  onset  or  during  tlm  i-emrs)?  of  iiiuiii]>h  <>f 
temporary  deafness  accompanied  by  pain,  but  nsually  recovered  from 
spontaneously  or  in  consequence  of  the  employment  of  the  most 
simple  remedies. 

PrognosiB. 


The  prognosis  of  mumps  is  gem     ^Hki^KQ'  ^"^  ""  nn*^  'I'***'  "f 

the  unoomplicatetl  disease.     Outo'  Ired  and  ninety-six  cases 

occurring  in  the  French  army  f'  rs  18(J'2 -(;;■>  Hipre  was  but 

one  death.     In  18G9  one  deal  """ordtnl  amnng  the 

troops  in  Algeria.     Since  tbfl  'x-anionully  one 

or  two  deaths  among  th  lerefore  not  for 

the  untoward  complic  sh  the  sufferer 
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from  mnmpB  is  exposed,  the  disease  would  scarcely  be  deserviiig  of 
serious  attention.  The  prognosis  varies  greatly  according  to  the  age 
and  sex  of  the  patient.  In  the  child  the  disease  is  always  ver>' 
benign;  it  develops  quietly  without  complications,  and  the  testicles 
are  practically  never  affected.  In  the  adult  male,  as  we  have  seen 
above,  the  question  is  a  very  different  one.  We  notice  the  difference 
very  clearly  when  an  epidemic  attacks  both  children  and  adulb). 
Among  fourteen  children  and  two  adults  suffering  in  the  same  insti- 
tution at  Gleneva,  d'Espine  and  Picot  saw  complications  in  the  adults 
only  and  in  both  of  these.  The  complications  vary  also  in  different 
epidemics;  while  Bizet,  at  Arras,  saw  ten  cases  of  orchitis  out  of 
twenty-two  of  mumps,  Vogel,  at  Munich,  saw  orchitis  only  once  in 
hundreds  of  adult  cases  of  mumps.  Besides  orchitis,  nephritis,  and 
localizations  in  other  parts  of  the  genitourinary  apparatus,  death  has 
been  observed  to  result  from  oedema  of  the  glottis.  Bougard" 
reports  the  case  of  a  man,  fifty-four  years  of  age,  who  dietl  asphyx- 
iated in  consequence  of  compression  of  the  larynx  and  trachea  by  the 
enormously  enlarged  parotid  glands. 

In  some  epidemics  children  may  suffer  greatly.  Trenel  says 
that  he  has  seen  two  children  die  from  mumps.  Demme,  of  Berne, 
in  117  cases  coming  under  his  observation  in  the  course  of  a  single 
year,  saw  8  of  great  severity,  and  2  in  which  death  resulted  from 
gangrene  of  the  parotid  glands.  In  3  children  there  were  cenrical 
abscesses,  in  2  an  acute  nei)hritis,  in  another  suppurative  otitis 
media  with  perforation  of  the  drum  membrane  and  meuingitic  symp- 
toms. 

The  influence  of  sex  is  as  great  as  that  of  age.  While  the  genital 
complications  are  very  fre<iueut  in  men,  and  sometimes  very  grave  as 
well,  in  women  they  are  excei)tional,  and  the  recorded  instances  of 
ovaritis,  inflammation  of  Bartholin's  glands,  and  mastitis  complicat- 
ing mumps  are  few  in  number. 

Leaving  aside  the  occurrence  of  the  rarer  comi)lication8,  we  may 
sum  up  the  (luestion  of  orchitis  as  affecting  the  prognosis  in  mumiKf 
in  the  following  conclusions  of  Laveran:  "1.  Orchitis  constitutes 
the  i>rinci]>al  danger  of  mumps  in  the  adult  male.  2.  In  the  adult 
male  orchitis  oomijlicates  mumps  twice  in  every  five  cases.  3.  The 
orchitis  atrompanyiug  munijjs  ends  seven  times  out  often  in  atrophy 
of  tho  te.sti<;le.  4.  In  those  cases,  fortunately  very  rare,  in  which  the 
atrophy  affects  both  testicles,  alwolute  impotence  is  the  incnitable 
residt."  Wo  may  diHi)uto  these  figures  and  look  ni)on  the  pr<>jM)r- 
tions  given  by  Jjjiveran  as  too  high,  but  in  a  general  way  his  conclu- 
sions may  bo  regarded  as  snflicieutly  exact. 
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Diagnosis. 

Wlien  we  are  in  the  presence  of  an  epidemic  of  mumps  the  reoog- 
nition  of  the  disease  is  a  matter  of  great  ease,  even  of  those  cases 
which  are  incomplete  or  abortive.  A  parotid  swelling,  however  small 
and  ephemeral,  can  scarcely  be  overlooked  at  such  a  time,  and  even 
in  the  absence  of  a  parotid  enlargement,  the  occurrence  of  an  orchitis 
or  of  some  other  less  nsual  localization  of  the  disease  will  be  readily 
referred  to  its  true  cause.  Error  is  possible,  however,  even  when  the 
parotid  gland  is  swollen,  and  the  affection  has  been  confused  with 
preauricular  or  submaxillary  adenitis,  with  tonsillitis,  and  with 
inflammatory  or  toxic  parotiditis. 

Preaaricnlar  adenitis  occupies  the  same  site  as  mumps,  and  it 
may  sometimes  accompany  this  affection  and  persist  after  the  paro- 
titis has  disappeared.  It  is  seen,  however,  to  be  superficial,  subcu- 
taneous, making  a  rounded  projection  of  moderate  size,  and  on  pal- 
pation we  feel  a  rounded  and  strictly  circumscribed  gland,  unless 
perchance  the  inflammation  has  invaded  also  the  neighboring  connec- 
tive tissue,  in  which  case  we  obtain  a  doughy  feel,  pain  on  pressure 
or  spontaneously,  and  later  fluctuation.  The  adenopathy  is  often 
mnltiple,  and  we  can  then  feel  several  glands  forming  an  irregular 
mass  which  is  sometimes  continuous  with  a  chain  of  ganglia  in  the 
neck.    This  chain  is  unilateral. 

When  the  mumi>s  is  limited  to  the  submaxillary  gland  we  must 
be  still  more  careful  not  to  confound  it  with  adenitis  in  the  same 
regions.  In  order  to  prevent  any  error  we  must  not  only  inquire  into 
the  history  of  the  case,  but  must  also  examine  with  care  the  couditioii 
of  the  mouth  and  of  the  teeth,  and  observe  the  Hhai)e  and  general  ap- 
pearance of  the  swelling.  Even  when  there  may  \m  some  doubt  at 
first  all  uncertainty  will  be  quickly  removed  by  the  further  prognws 
of  the  case.  If  it  is  one  of  simple  engorgement  of  tlie  HubniaxiUary 
glands  from  mumps  the  enlargement  will  be  speedily  redu(!<«l  in  the 
coarse  of  a  few  days,  but  if  we  have  to  do  witli  an  mlonitis  the  <miii- 
dition  will  last  for  some  time  and  even  suppuration  may  (xw'ur. 

Certain  cases  of  tonsillitis  or  of  diphtlieria  may,  in  conwMiuoiioe 
of  the  swelling  which  they  cause  at  the  angle  of  the  jaw,  givit  riHe  t*> 
a  suspicion  of  mumi)s;  but  an  examination  of  th<)  throat  will  HU<11<Mt 
to  establish  the  correct  diagnosis. 

True  parotiditis  complicating  infectious  diseaHe  is  aliiioHt  nlwiiyH 
unilateral;  it  is  painful,  distinctly  iuflauiuiatory  and  pliIegnioiioUH, 
and  often  suppurative. 

In  addition  to  these  acute  cases  of  i>arotitiH  there  may  be  chroiiio 
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ones  which  will  sometiines  cause  more  or  less  embarrassment.  In 
1882  I  reported  a  case  of  hypertrophy  of  the  parotid  glands  due  to 
lead  poisoning."  Following  lead  colic  or  other  symptoms  of  saturn- 
ism we  may  see  the  parotid  glands  enlarge  and  form  two  symmetrical 
tumefactions  at  the  angles  of  the  jaws,  soft  and  painless,  persisiang 
indefinitely  without  change ;  this  very  uuchangeableness  of  the  symp- 
toms will  serve  to  distinguish  such  enlargements  from  mumi^s.  Li 
addition  to  these  cases  of  lead  parotiditis  there  have  been  reported 
others  caused  by  copper  or  mercury,  or  due  to  uraemia,  etc.  In  the 
cases  in  which  mumps  passes  into  the  chronic  state  the  disease  may 
possibly  be  confounded  with  one  of  these  forms  of  toxic  i)arotiditi8. 

Baymond  Johnson"  has  described  a  sx)ecial  form  of  parotid  swell- 
ing which  merits  a  brief  description.  He  reports  five  cases  (three  in 
children  and  two  in  adults)  of  a  swelling  and  induration  of  the 
parotid,  coming  on  usually  during  a  meal,  which  persisted  several 
weeks.  There  was  pain  during  mastication,  and  in  one  instance  the 
gland  suppurated.  In  one  case  repeated  relapses  occurred  during  a 
period  of  two  or  three  years.  This  swelling  was  due  to  a  retention 
of  the  saliva  in  consequence  of  obstruction  of  Steuo's  duct.  In  two 
cases  pressure  on  the  enlargement  caused  a  discharge  of  saliva  from 
Steno's  duct. 

In  all  these  cases  of  chronic  enlargement  of  the  parotid  gland  the 
diagnosis  is  usually  not  difficult;  but  it  is  different  with  certain 
instances  of  parotid  engorgement  which  are  acute  and  temporary  and 
which  sometimes  prosout  a  very  dose  resonibliiuce  to  uuinips.  I 
refer  now  particiihirly  to  what  has  been  doHcrilxxl  by  Villar  under  the 
name  of  mumps-like  iodism,  io<lic;  mumps,  eto.  A  man  eiit«'re<l  thf 
Hopital  St. -Louis  on  February  'M,  18HI5,  ou  iiceonnt  of  multijOe  gan- 
glionic; tumors  witli  enlargement  of  the  spleen.  Some  days  aft«'r 
admission  he  took  two  s|)oonfuls  of  a  sohitiou  of  iodide  of  ]totii.Hsiuni, 
c<mtaining  forty-tivo  grains  of  this  salt,  in  the  course  of  the  d.-iv. 
About  nine*  o'clock,  two  hours  after  having  taken  the  secoml  si>ooi)- 
f\il,  ho  wjis  seized  with  sneezing,  which  lasted  for  alnmt  lialf  an  hour, 
then  followed  vomiting  of  the  food  which  had  l)een  fciken,  and  respir- 
atory oppression.  After  tiiis  attack,  wliicli  was  of  short  duration, 
the  patient  complained  of  i)ain  in  lK)th  parotid  regions,  and  swellinp* 
appeared  here,  iH'coining  very  considerablt*  within  five  minutes.  At 
the  same  time  headache  cann«  on  of  such  intensity  as  to  prevent  the 
patient  from  sle(q)ing.  The  following  day,  twenty-four  hours  aft«-T 
the  iii-st  dose  of  iodide  of  ])otjissiuni  had  Ix'en  taken,  the  skin  was 
hot,  tlie  tongue  coated,  the  puis**  rapid,  there  was  an  erupti<m  on  tin- 
for(?head  and  nose,  the  patient  complained  of  headache,  ami  he 
seemed  io  bo  much  depressed;  but  the  most  striking  symptom  was 
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tlie  swelling  in  the  parotid  regions.  On  the  right  aide  this  swelling 
waH  limited  above  by  the  lubule  of  the  ear,  in  front  by  the  anterior 
edge  of  the  manseter  muscle,  and  behind  by  the  mastoid  apophysis; 
below,  the  swelling  was  gradually  lost  iu  the  submaxillary  region.  Ou 
the  left  aide  the  tumefaction  was  much  greater,  involving  the  whole 
of  that  side  of  the  neck.  Ou  both  sides  the  skin  was  red  and  hot  and 
there  was  pain  on  pressure  over  the  swollen  parts.  Although  there 
was  nothing  abnormal  iu  respect  to  the  testicles,  Villar  thought  that 
the  case  was  one  of  mumps,  but  Balze.r  regarded  it  as  one  of  parotid 
localization  of  ioilism  in  an  individual  with  an  itliosyncrasy  as 
regards  iodiue.  The  adminiHtratiou  of  the  iodide  was  stopped,  and 
the  followiug  day  the  swellings  had  subsided  very  markedly  and  a 
complete  cure  reaultetl  in  three  days.  Some  authors,  among  them 
Regnier  and  Miss  BratUey,  have  noted  Himilar  cases,  and  I  have  my- 
self seen  a  very  marked  instance.  The  jiatient  was  a  wojnan,  twenty- 
five  years  of  age,  who  entered  my  ser^'ice  in  the  Hopital  Tenon  for 
treatment  for  syjihilis.  Ou  the  first  day  she  took  thirty  grains  of 
iodide  of  potassium,  and  at  the  end  of  twenty -four  hours  had  cedema 
of  the  eyelids,  coryza,  lacrymation,  salivation,  and  an  equal  and 
symmetrical  enlargement  of  tlie  parotid  gland  on  each  side,  which 
greatly  resembled  mumps.  The  iodide  wa«  sto])petl  and  the  parotid 
engorgement  subsided.  Facts  of  this  nature  being  now  well  recog- 
nized, the  occurrence  of  a  swelling  of  the  parotids  in  consequence  of 
iodism  should  not  lead  to  an  error  in  diagnosis. 

The  diagnosis  is  especially  difficult  in  the  abortive  forms  in  cases 
in  which  the  parotid  enlargement  is  wanting,  or  iu  those  in  which  the 
nsTial  order  of  symptoms  is  disturlied,  as  when  the  orchitis  api>ear8 
first,  or  those  finally  in  which  the  physician's  attention  is  drawn  away 
by  abnormal  localizations  of  the  disease.  It  is  very  reasonable  to 
suppose  that  a  case  of  orchitis  occurring  without  any  characteristic 
symptoms  of  mumps  might  not  be  referred  to  its  true  cause,  when 
there  are  so  many  other  causes  of  tliis  condition,  such  as  gonorrhcea, 
tuberculosis,  or  traumatism,  to  which  tlie  inflammation  of  the  testicle 
might  equally  l>e  due.  A  young  man,  twenty-five  years  of  age,  jjale 
and  emaciated,  and  suffering  from  night  sweats,  ]>resented  himself  to 
me  for  advice  concerning  an  enlarged  testicle.  Both  the  epididj'mis 
and  the  body  of  the  testicle  were  affected,  being  hard  and  uneven. 
No  mention  was  made  of  au,v  prt>vious  affectiim  of  the  parotid  gland. 
I  diagnosed  tuberculosis  of  the  testicle  and  instituted  ti-eatment 
accordingly ;  the  patient  recovered  in  a  very  short  time,  and  I  then 
discovered  that  his  trouble  had  been  orchitis  due  to  the  poison  of 
mumps. 

When  the  disease  first  and  exclusively  manifests  itself  in  enlarge- 
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ment  of  the  Babmnrillaiy  g^bnds  ire  more  natexaUy  tiiiiik  of  an  rnit^ 
nitia  than  of  mnmpe,  and  itia  naoally  quite  easy  to  find  some  pimplf 
on  the  akin,  dental  earies,  or  aome  buocal  leaion  to  aoooont  for  tiie 
ooooxrenoe  of  thia  anbmailllary  awelling.  In  forming  onr  diagnoaia 
ve  mnat  have  regard  to  the  BTmmetry  of  the  two  awellinga,  to  Hm 
■oddenneaa  of  their  appearanoe,  to  their  ahape,  and  to  their  loeatioa, 
whioh  is  exactly  that  of  the  snhmaTillaiy  ealiyary  gbnda.  Finally 
the  farther  oooiae  of  the  disease  will  soon  sofBoe  to  put  all  doabta  at 
leat.  We  most  remember,  howeyer,  that  sabmazillaiy  adenitis  is  not 
in  itself  rare  in  oases  of  true  mnmpe.  I  have  seen  seversl  sooh  oases 
in  which  the  gaoe^onio  engorgement  was  very  marked  andpetaiBted 
after  the  mnmps  had  disappeared.  Barthei  and  Scum^  have  reported 
a  case  in  which  the  enlarged  glands  following  an  attack  of  momps 
became  the  seat  of  a  stromoos  process. 

Oases  of  localisation  of  mnmpe  in  the  sablingnal  glsods  am  efen 
more  difiSonlt  of  diagnosis,  for  we  may  be  led  to  regard  the  affeotian 
as  aonte  rannla  or  a  phl^;man  in  the  floor  of  the  numtii,  aniBioal 
affections  which  have  nothing  in  common  with  mnmps. 

When  the  e^eral  symptoms  are  so  severe  as  to  mask  the  lofial 
mainifestaticms,  or  when  they  precede  the  latter  by  an  apioeoiable 
interval  of  time,  possibly  several  days,  when  we  &id  hyperpyrexia 
(104°  to  106°  F.),  restiessness,  deUrinm,  oonvnlsions,  or  disqidating 
cerebral  symptoms,  we  shall  not  be  likely  to  think  of  mnmps  so  kog 
as  the  local  symptomB  remain  absent,  and  we  shall  rather  fear  the 
beginning  of  one  of  the  grave  infectious  diseases,  snch  as  scarlatina, 
diphtheria,  typhoid  fever,  or  even  meningitis.  The  mistake  will  be 
even  more  readily  made  in  the  absence  of  an  epidemic  of  mumps  at 
the  time.  On  the  other  hand  when  an  epidemic  is  in  fnll  swing  the 
danger  will  lie  in  the  other  direction,  for  the  tendency  at  snch  a  time 
is  to  refer  every  illness  of  whatever  nature  to  the  account  of  the  pre- 
vailing disease. 

Treatment. 

In  this  section  we  shall  have  to  consider  first  the  prophylaxis  of 
mumps  and  then  the  curative  treatment  of  the  disease,  the  latter 
being  divided  into  the  treatment  of  mild  cases  and  that  of  the  more 
grave  ones. 

PbOPHTUlXIS. 

Certain  physicians,  especially  those  who  have  much  experience  in 
the  management  of  diseases  of  children,  are  wont  to  decry  the  utility 
of  all  precautionary  measures,  basing  their  opinions  on  the  fact  that 
mnmps  is  snch  a  benign  affection  in  early  childhood.    Lavraan  goes 
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even  further  and  contends  that  it  is  an  advantaK^t  for  boys  at  least,  to 
have  their  attack  of  mumps  early  in  life  so  as  to  enjoy  immunity 
later,  at  a  i>eriod  when  the  diueaHe  is  a  distinct  menace  through  its 
tendency  to  attack  the  genital  organs.  But  orchitis  is  not  the  only 
complication  to  be  feared,  for  there  yet  remain  nephritiH,  otitis,  and 
permanent  deafness,  conditions  which  threaten  chiklren  as  well  as 
adults.  We  ought  then  to  insist  upon  isolation  in  schools,  families, 
and  hospitals  as  soon  as  the  disease  has  declared  itself  in  a  child. 
The  iieriod  of  isolation  should  be  at  least  three  weeks,  but  need  not 
be  longer  than  one  mouth  in  simple  cases.  We  have  seen  above  that 
mumps  is  especially  contagious  in  its  early  stages,  but  that  it  may 
also  be  transmissible  during  the  height  of  the  attack  and  even  during 
convalescence.  According  to  Pearse,  the  contagious  jieriod  lasts 
three  weeks,  and  if  we  order  a  <|uarantin6  of  from  twenty-five  to 
thirty  days  we  shall  l>e  doing  all  that  is  necessary.  Sir  Thomas 
Raven  succeeded  in  preventing  an  epidemic  of  measles  in  a  school 
of  four  hundred  and  fifty  scholars  by  sending  every  child  into  the 
bosfiital  immediately  upon  the  appearance  of  the  least  parotid  swell- 
ing. The  first  case  was  followed  by  two  others  on  the  eighth  day 
and  by  one  other  on  the  twenty-second  day,  and  the  entire  epidemic 
was  limited  to  these  four  cases. 

Even  though  some  authorities  may  doubt  the  utility  or  advis- 
ability of  prophylactic  measures  in  the  case  of  children,  no  one  calls 
their  necessity  into  question  in  the  case  of  adults,  and  military  sur- 
geons are  always  very  solicitous  to  limit  the  spreoilof  mumps  among 
the  troojis  in  caraji  or  garrison.  Every  soldier  attacked,  or  even  sus- 
pected, must  1>6  at  once  isolated;  but  isolation  alono  is  not  sufficient 
and  it  is  necessary  to  disinfect  thoroughly  all  garments  and  other 
objects  which  have  been  in  contact  with  the  sick,  and  also  the  locali- 
ties in  which  they  have  been  confined.  The  microbe  of  mumps  is 
very  tenacious  of  life  and  i)er8i8ts  for  a  long  time  in  garments  and 
bedclothing.  As  contagion  through  a  third  jieraon  is  jwssible,  phy- 
sicians in  charge  of  the  sick  shoidd  take  all  necessarj'  precautions  in 
order  not  to  convey  the  contagium  in  their  persons  or  clothing  from 
the  sick  to  the  well. 

Disinfection,  however,  is  not  always  efficacious.  In  the  epidemics 
of  1888  at  Perigueux,  of  1889  at  Bourges,  of  1891  in  the  Eleventh 
Begiment  of  Chasseurs,  and  of  181)2  at  Mana,  despite  the  most  ener- 
getic disinfection  the  disease  blazed  up  again  from  its  ashes.  In 
such  cases  it  would  be  proper  to  move  the  troops  temporarily,  and  to 
air  their  quarters  thoroughly  and  leave  them  empty  for  a  certain  time. 
Fumigation  with  burning  sulphur  and  sjirays  of  sublimate  have  been 
shown  to  be  ineflfectual.     All  movable  objects  should  be  subjected  to 
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disinfection  by  steam  tinder  pressure,  and  the  apartments  and  bar- 
racks should  be  fomigated  with  formic  aldehyde. 

Tbeatment  op  Mild  Cases. 

In  the  management  of  simple  cases  hygienic  measures  soffice. 
The  patient  should  be  made  to  keep  to  the  room  and  even  for  a  time 
in  bed.  Repose  is  absolutely  necessary,  for  not  only  does  it  favor 
resolution  of  the  parotid  swelling,  but  it  also  tends  to  prevent  the 
appearance  of  complications,  especially  of  orchitis.  Catrin  insists 
especially  njion  this  point.  "A  certain  number  of  observers  have 
remarked  that  fatigue  seems  to  favor  the  occurrence  of  orchitiB. 
Chauvin  has  seen  simple  congestion  become  transformed  into  actual 
inflammation  after  a  long  march;  Servier  recommends  that  these 
patients  be  sent  at  once  to  the  hospital,  and  Laveran  says  that  those 
who  are  obliged  to  follow  laborious  pursuits  and  who  ccmtinne  their 
labors  after  the  onset  of  mumps  are  more  subject  than  others  to 
orchitis,  and  swelling  of  the  testicles  in  such  cases  assumes  greater 
proportions.  The  same  result  is  seen  when  the  patients  leave  the 
bed  too  soon.  We  have  been  led  to  the  same  conclusions  through 
our  experience  in  1892.  At  the  beginning  of  the  epidemic  which  we 
had  occasion  to  study  at  that  time,  following  the  general  opinion  that 
the  average  duration  of  mumps  is  from  eight  to  ten  days,  we  dis- 
chargod  our  patients  after  a  rost  in  the  liospital  of  twelve,  ton,  or 
even  eight  dnvH;  but  we  often  saw  theHO  same  i)atient.s  return  after 
four,  six,  or  eight  days,  in  most  ca-ses  with  a  relapse  more  grave  than 
the  original  attiick  or  with  orchitis  or  some  even  more  8eri<ius  ooin- 
plicution.  Such  a  case  was  tliat  of  a  man  who,  after  a  stjiy  of  an 
entire  month  in  the  h<)si)itnl  for  a  very  severe  attjick  of  mumps, 
returned  four  days  after  liis  discliarge  with  Hui)7)urative  otitis  iue<lia 
and  sui)purativo  arthritis  of  the  knee.  In  another  case  a  man  who 
left  tli(>  hospital  on  Fel)ruary  *.Hli,  after  a  stay  tliere  of  eighteen  days, 
returned  on  February  27tli  with  a  rela]>se  complicateil  witli  n-denia 
of  the  eyelids,  vertigo,  (U'phalalgia,  tinnitus  aurium,  and  albuminuria. 
In  two  other  cjises  an  orchitis  occurred  in  soldiers  who  were  oblige«l 
to  take  uj)  the  fatiguing  duties  of  the  senice  ininiediatoly  ujKm  their 
discharge  froin  tlio  hospital.  Fretiuently  also  we  have  seen  orchitis 
wour  in  i)atient.s  who  wen;  disobedient  and  who  by  reason  of  the 
mildness  of  tlieir  attack  did  not  deem  it  necessary  to  follow  the  in- 
junctions of  the  physician.  This  may  jmssibly  l>e  the  reason  why 
Homo  authors  have  come  tf>  the  conclusion  tliat  the  mildest  cases  of 
mumps  (ire  those  which  are  most  liable  to  be  followed  by  orchitis. 
Even  when  the  patients  are  not  koi)t  strictly  in  bed,  most  physicians 
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advise  that  they  remain  indoors,  even  in  the  mildest  cases.  Tlie  action 
of  cold  may  cause  or  hasten  the  occurrence  of  certain  complications." 

In  addition  to  rest  we  may  prescribe  a  restricted  tliet,  especifdly 
a  milk  diet.  If  there  is  a  catarrhal  condition  of  the  dijijestive  ti-act, 
aa  is  usually  the  case,  we  should  prescribe  a  purgative,  sucli  as 
calomel,  scammony,  jalap,  Seidlitz  powder,  or  the  like.  Hnf eland 
advised  the  exhibition  of  an  emetic,  and  also  the  application  of  a 
mercurial  plaster  to  the  swollen  parotid  gland.  If  the  tmnefaction  is 
very  marked,  and  the  skin  is  red,  hot,  and  jiainful,  we  may  order 
inunctions  of  o]>ium  and  belladonna  ointment  or  other  soothing  apjili- 
cations.  The  affected  parts  should  be  covered  with  a  thick  laj'er  of 
cotton.  If  there  is  trismus  or  difficulty  in  opening  the  jaws  the 
patients  should  be  advised  to  drink  through  a  tul>e. 

In  order  to  prevent  secondary  infection  through  the  nose  or 
mouth,  suppurative  mumpn,  otiti.s,  adenitis,  etc.,  we  must  not  fail  to 
insist  upon  the  systematic  employment  of  antiseptic  lotions  in  the 
mouth,  throat,  and  nose.  We  may  make  the  toilet  of  these  ciivities 
three  or  four  times  a  day  by  means  of  sjjrays  or  vapor;  the  u.se  of 
boiled  water,  boric-acid  solutions,  or  solutions  of  uaxihthol  will  ordi- 
narily suffice. 

We  do  not  recommend  the  employment  of  counterirritatiou  over 
the  parotids  with  the  object  of  i)reveutiijg  met;i.st;isc8,  ;is  Hamilton 
thought  could  be  done  when  he  iwlvised  the  use  of  flying  blisters  over 
the  enlarged  parotid  glands.  There  should  be  no  vesication,  no 
mustard  iilasters,  no  ice  even,  and  no  miwsage  of  the  tumors ;  c< i\er- 
ing  them  with  cotton  batting  is  all  that  is  uecessar}*  or  advisable. 

Treatment  of  Grave  antj  Compucated  Cases. 

In  severe  cases  of  murniia  accompanied  by  high  fever  and  adyna- 
mia we  must  resort  to  more  active  measures  than  those  just  described. 
In  such  cases  I  have  seen  much  benefit  from  cool  baths  (G4'  to  08  F.) 
repeated  three  or  four  times  in  the  twenty-four  hours.  We  sliould 
also  prescribe  Todd's  potion  (cinnamon,  brandy,  and  synij)),  acetate 
of  ammonia,  or  strychnine  or  caffeine  hypodermically,  not  forgetting 
cinchona  or  quinine.  In  a  case  accompanied  by  hyperpyrexia,  Jac- 
coud  prescribed  bromhydrato  of  quinine  for  the  fever  and  tartar 
emetic  for  the  glandular  engorgement.  The  temperature  fell  imme- 
diately to  100°  F.  and  then  to  normal,  but  two  days  later  it  rose 
again  to  104^  F.;  and  the  right  testicle  liecame  enlarged.  These 
severe  cases  are  very  difficult  to  treat  effectually. 

There  is  little  to  do  for  the  orchitis  beyond  rest  and  emollient  ap- 
plications, for  a  too  active  interference  may  be  actually  dangerous. 
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Eisenschdtz  endeavored  to  hasten  the  core  of  orchitis  by  massage  and 
succeeded  only  in  provoking  the  appearance  of  grave  general  symp- 
toms.   We  must  also  abstain  from  leeches,  scarifications,  and  blisters. 

Czemiky  and  Emery  Desbronsses  have  spoken  favorably  of  the 
nse  of  jaborandi,  and  they  report  two  cases  in  which  an  infusion  of 
2  gm.  of  the  fresh  leaves  in  200  gm.  of  water  brought  about  resolu- 
tion of  the  orchitis.  Martin  injects  pilocarpine  under  the  skin  with, 
as  he  claims,  equally  favorable  results.  Sorel,  however,  resorted  to 
the  employment  of  jaborandi  in  four  cases  and  in  three  saw  atrophy 
of  the  testicle  supervene.  Yedrennes,  whose  ex|)erience  was  similar 
to  this,  has  no  faith  whatever  in  the  remedy.  It  is  a  question 
whether  any  better  results  would  be  obtained  by  the  exhibition  of 
salicylate  of  sodium,  as  advised  by  Henderson  in  doses  of  ninety 
grains,  or  of  Pulsatilla  which  has  been  recommended  by  Ducastel. 

When  the  testicle  is  soft  and  in  process  of  atrophy,  we  may  try 
massage,  punctate  cauterizations,  electricity,  douches,  etc. 

For  the  deafness  following  mumps  iodide  of  potassium,  quinine, 
and  pilocarpine  (Dundas  Grant)  have  been  advised,  as  also  cathe- 
terization of  the  Eustachian  tube. 

In  cases  of  paralysis,  we  may  prescribe  stimulating  frictions,  salt 
baths,  electricity,  massage,  and  strychnine. 

For  the  nervous  symptoms,  pseudomeningitiB,  we  must  resort  to 
the  wet  sheet,  the  bromides,  musk,  and  ether. 

In  cases  in  which  a  grave  antemia  persists  after  recovery,  we  may 
give  iron,  quinine,  cod-liver  oil,  iodotaunic  fivrup,  etc.  Much  lx»ne- 
fit  may  also  be  derived  in  suitable  cases  from  a  change  of  air,  sojourn 
in  the  country,  a  course  of  sea  baths,  and  otlier  tonic  measures. 
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Geiontin,  121 
Glanders,  bacterial  poison  of,  100 

diagnosis  of,  from  smallpox,  440 
Glands,  Bartholin's,  Inflammation  of ,  in 
mumps,  688 
lymphatic,     inflammation    of,     in 

mumps,  684 
salivary,  swelling  of,  in  mumps,  570 
thyroid,  swelling  of,  in  mumps,  5t4 
vulvar,  inflammation  of,  in  mumps, 
688 
Grease,  relation  of,  to  vaccina,  501 
Grippe,  see  Influenza 
Ground-water  theory  of  typhoid  fever 

prevalence,  814 
Guanidiu,  methyl,  14,  110 
Guanin,  116 
Guinea-worm,  water-borne,  391 

lL«MAT(>riiiLiA,  acute  variolous,  424 
Hematuria  in  mumps,  587 

in  smallpox,  437 
Hamburg,  cholera  epidemic  of  1892  in. 
proving  the  watcr-lM>rne  nature  of  the 
discas*;,  3:i4 
Hart,    Kkneut,    on   Water-borne    Dis 

eases.  281 
Headache,  following  cxposxin-  to  typhus 
fever,  380 
in  snmllpox,  409 
Heart,  affections  of  the,  in  mumps,  5><fl 
in  snuillimx,  435 
feebleness  of  the  action  of  the.  in 
cheest!  poisoning.  60 
Herpes,   diiignosis  of,    from  smallpox. 
440 
following  vaccination,  533 
lleteroxiintliin,  119 
Ilcxanicthylenedinmin,  14 
Histon.  112 
Hog  cholera,  bacterial  {toisitn  of,  li.« 


moEX.  TO  voLxmE  xm. 


eo9 


Hog  cholera,  orrhotberapy  in,  348 
Honey,  poisonous,  89 
Hornpox,  419,  488 

Horsepoz  and  smallpox,  non-identity  of, 
608 

cowpox,  and  vaccina  in  man,  rela- 
tions of,  608 

spontaneous,  604 
Hydrooollidin.  13 
Hydrophobia,  aee  Babie» 
Hypoxanthin,  118 

IcE-CBBAK  poisoning,  toxicogenic  germ 

in,  eo 

Ichthyotoxins,  40 
IchthyotoxlsmuB,  88 
Ible's  paste,  487 
Immunity,  306 

acquired,  307,  389 

antitoxin  theory  of,  315,  330,  338 

artifldal,  by  means  of  the  defensive 
pioteids,  384 

Bouchard's  theory  of,  179,  331 

Charrln's  theory  of,  331 

Chauveau's  theory  of,  333 

conferred  by  one  attack  of  small- 
pox, 898 

defensive-protelds  theory  of,  315, 
330.  338 

destruction  of,  308 

diminution  of,  166 

due  to  phagocytes,  171 

due  to  serum,  characteristics  of,  368 

exhaustion  theory  of,  309 

experimental,  307 

hereditary  transmission  of,  370 

humoral  theory  of,  318,  318 

intrauterine  acquisition  of,  333 

natural,  306 

phagocytic  theory  of,  310,  316 

production  of  a  local  lesion  in,  176 

retention  theory  of,  309 

theories  of,  309,  316,  378 

vaccinal,  518 
Impetigo,  vaccinal,  688 
XnoalMttioii    and   Infectioumess   in 
Acute  Specific  Siseaaea,  Dura- 
tion of  the  Period*  of,  367 

smallpox,    878;    chickenpox,   874 

measlea,  874 ;  German  measles,  876 

scaiiet  fever,  876 ;  diphtheria,  877 
Vol.  XIH.-89 


whooping-cough,  878 ;  mumpe.  ST9 : 
typhus  fever,  880;  typhoid  fever. 
^1 ;  relapsing  fever,  882 ;  dengue, 
883;  influenza.  883;  yeUow  fever. 
888;  Asiatic  cholera,  884;  bubonic 
plague,  884;  malarial  fever,  885; 
bibliographical  references,  885 
Incubation  period  of  infectious  diseases, 
308,  867 

Astatic  cholera,  884 

bubonic  plague,  884 

chickenpox,  874 

cholera,  884 

definition  of,  867 

deDgue,  883 

diphtheria,  877 

enteric  fever,  881 

German  measles,  875 

grippe,  883 

influenza,  883 

malaria,  886 

measles,  874 

mumps,  879,  568 

parotitis,  879,  568 

pertussis,  878 

plague,  884 

relapsing  fever,  889 

rOtheln,  876 

rubella,  875 

rubeola,  874 

scarlet  fever,  876 

smallpox,  878,  408 

typhoid  fever,  881 

typhus  fever,  880 

vaccina,  616 

varicella,  874 

variola,  878 

■whooping-cough,  878 

yellow  fever,  888 
India,  antiquity  of  smallpox  in,  890 
origin  of  great  cholera  epidemics  in, 
889 
Indol  in  cholera  cultures,  88 
Infection,  185 

a  chemical  question,  146 
Infection  and  Immunity,  136 

infection,  136;  chemotazis,  165; 
predisposition  to  infectious  disease, 
166 ;  insects  as  carriers  of  infection, 
187 ;  mixed  Infection,  190 ;  late  re- 
sults of  infection,  198 ;  external  pre- 
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dlapodag  influenoea,  186;  idle  of 
the  aerroiu  ayttma,  MO;  periods  of 
Incubation  and  infectknuneaa,  908; 
prevention  of  infectious  diseases, 
a04:  immunttg,  SOS ;  destruction  of 
Immunity,  MS;  theories  of  inunn- 
nity, 900 ;  mrumtreatnunt.  985 ;  gen- 
eral properties  of  serum,  98S;  serum 
treatment  in  experimental  disesses, 
940 ;  serum  treatment  in  human  dis- 
esses, 948 ;  serum  treatment  in  poi- 
sooing  hj  vegetable  toxalbnmins  and 
the  venoms  of  serpents,  9S6;  diarac- 
teristics  of  the  immunitj  due  to 
serum,  908;  ftie  active  element  of 
the  serum,  970;  theory  of  the  pro- 
tective scticm  of  serum,  978 ;  nature 
of  the  germicidal  constituent  of  the 
blood  serum,  977;  the  hereditaiy 
transmission  of  immunity,  970 
InfectioD,  bacterial  products  favoring 
the  development  of,  178 
Uotic  agenU  of,  145 
Bouchard's  theory  of.  179 
causal  relaUon  of  microorganisms  to, 

149 
checked  tat  a  time  by  phagotsytosls, 

870 
dosage  of  bacteria  necessary  for,  142, 

296,  870 
ectogenous,  140 
endogenous,  140 

external  predisposing  influences,  196 
fever  in,  182 
foetal,  147 
germinative,  147 

influence  of  anKstbetic  substances 
upon,  169 
of  chemical  substances  upon,  169 
of  chemotazis  upon,  16S 
of  digestion  upon,  295 
of  dosage  of  bacteria  upon,  142, 

296.  870 
of  exposure  of  the  animal  to  in- 
jurious influences  upon,  167 
of  introduction  of  products  se- 
creted by  the  bacterium  in- 
oculated, 166 
of  microbian  association  upon, 

167 
of  race  upon,  140 


Infection,  influence  of  racial  tempet»- 
tura  upon.  181 

of  season  upon,  146 

of  traumatism  upon,  167 
insectt  as  carrien  of,  187. 188.  80*^ 

804,  855 
intestinal,  165 
intrauterine,  147 

of  smaUpox.  148,  897,  8M 

at  vaccina,  148,  520 
late  reaulta  of,  198 
mixed,  190 
modes  of,  186 

in  smallpox,  400 
obscurity  of  the  subject,  801 
of  new-bom  infants.  165 
part  played  by  the  local  leaioo  in, 

176 
protective  function  of  the  spleen,  186 
puerperal  auto-,  1B8 
TtHe  of  the  nervous  ^stem  in,  900 
ipread  of,  188 

by  books,  180 
through  the  lungs,  150 
toxic  sgents  of ,  145 
vrater-bome,  888,  988 

prevention  of,  858 
Infectious  disease,  bacterial  prodtictloa 
of.  8 

definition  of,  8 

incubation  periods  of,  367 

nature  of,  185 

poisons  of  the,  80 

predisposition  to,  166 

preveotion  of,  204 
Infectiousness,  periods  of,  208 

Asiatic  cholera,  884 

bubonic  plagtie,  385 

chickenpox,  374 

cholera,  884 

dengue,  382 

diphtheria.  877 

German  measles,  875 

influenza,  883 

measles,  875 

mumps,  379,  566 

parotitis,  379,  566 

pertussis,  378 

plague,  885 

relapsing  fever,  389 

rubella,  875 
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Infectiouaaess,  periods  of,  rubeola,  3TQ 

scarlet  fever,  376 

smallpox.  373,  406 

typhoid  fever.  381 

typhus  fever,  380 

varicella,  874 

variola,  373 

whooping-cough,  378 

yellow  fever,  383 
loQainmatioD,  cause  of,  143 
Influenza,  jncubation  period  of.  382 

hifectious  period  of.  S83 
Insauity,  role  of  bacteria  in  the  produc- 
tion of,  300 
Insects  as  carriers  of  infection,  187 

in  cholera,  188,  804 

in  malaria,  355 

in  typhoid  fever,  303 
Insomnia    in    smallpox,    treatment    of, 

493 
Intestinal  tract,  infection  through  the, 

165 
lodism,  luumpg-like,  596 
Isoamylamln,  12 

Joint-disease  in  smallpox,  441 

Kakkk,  alleged  causation  of,  by  eating 

of  flsii,  35 
Keratitis  in  smallpox,  433 
KnetkSsc,  poisonous  properties  of,  64 
Kreotoiicon.  44 
Ereotoxismus,  42 

Labtkx,  lesions  uf  the,  in  smallpox,  434 

treatment  of,  491 
Lathyrism,  73 

symptoms,  75 

treatment,  76 
Lead  poisoning,  |)redisposltion  to,  286 

water-borne,  283 
Leprosy,  vaccinal,  473,  545 
Leucocytes,  eosinopliilic,  218 

mononuclear,  218 

phagocytic,  210 

poly  nuclear,  217 
Leucocythtcmia,  odenin  in  the  urine  In, 
112 

hypoxanthln  in  the  urine  in,  114 

xanthin  in  the  urine  in,  118 
LeucomaJns,  110 


Leucomalns,  krcatinin  group,  133 
relation  of,  to  disease,  128 
undetermined,  134 
uric- acid  group.  111 
Lcuconuclein,  112 
Lime,  purificalion  of  water  by,  363 
Liver,  changes  in  tlio,  in  smallpox,  444 
Liver  fluke,  watrr-bome,  293 
Local  lesion,  part  played  by  the,  in  in- 
fections, 176 
Lumbago,  diagnosis  of,  from  smallpox, 

445 
Lumbricoid  wonna,  water-borne,  290 
Lungs,  infection  through  the,  150 
Lymph,  vaccine,  471 

active  element  of,  513 
animal,  545 
glycerinized,  549 
Lymphatic  ganglia,  swelling  of  the,  in 

mumps,  584 
Lymphocytes,  318 
Lysatin,  122 
Lysaticin,  123 

ULlCnOPHAOOCVTES,  210 

Maid  ism  us,  76 

Malaria,  air- borne,  352.  356 
incubation  period  of.  385 
mosquitoes  as  carriers  of,  355 
plasino<:llum  of,  life  history  of  the, 

854 
soil  bred,  a52 
water-borne,  351 

Malignant  tedemit,  bacterial  poison  of, 

no 

MalleVn,  109 

Mania,  acute,  in  smallpox,  438 
Mastitis  in  mumps.  583 
Measles,  diagnosis  of,   from  amallpox, 
446 
incubation  period  of,  874 
infectious  periml  of,  375 
3Ieat,  poisoning  by.  43 
symptoms,  46 
treatment,  49 
transmission  of  disease  by,  43 
Mecca,  choleni  spread  by  the  annual  pil- 
grimage to.  350 
Meningitis,    diagnosis  of,    from  small- 
pox, 450 
In  smallpox,  489 
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Hetclinikoff's  theorj  of   pbngocjrttMia, 

SIO 
Metbylamin,  11 
Methyl  guanidlD,  14,  110 
MeUiylxatiUiio,  119 
Microbes,  see  Baetffrin 
MicroorgftQiaini,  sec  BneUHa 
Hlcn>phiigocyt«B,  StO 
Hniarfft,  Tsccinal,  588 
Milk,  ImmuaiziDg  (wwer  of,  878 
poisoning  by,  40 
treatment,  ri6 
Bpre&d  of  typbold  infection  in,  S19, 

Moore,  Jour  yfjUJUM,  oq  Sm&Upox, 
887 

Horbllli,  B«e  MmOm 

Morrliuic  odd,  18 

Hoirlmiii,  15 

Morvin,  109 

Uoequito,  Dgeucj  of  Uie,  In  tbo  sprawl 
of  malaria,  3GS 

Moutb,  lesloDS  of  the,  In  mumps,  STS 
In  smallpox,  437 

Kumpa,  CBS 

history,  550;  geographical  distribu- 
tion and  epidemics,  6&S ;  patliologl- 
(»1  anatomy,  558;  bacteriology, 
S69;  etiology,  S63;  symptoms,  608; 
ooune  and  duration,  677;  extra- 
■allvary  localizations  and  com- 
plications, S78:  progncaif,  S98; 
diagnosis,  696;  treatment,  608; 
bibliographical  teferenoes,  603 

Humps,  abortire  forms,  diagnosis  of, 
697 
adenitis  in.  SM 
age  In  nlatl<m  to,  ISM 
albuminuria  in,  037 
anasarca  In,  687 
bacteriology,  660 
buccal  mucous  membrane  in,  678 
chronic  forms  of,  677 
drculatory  disturbances  in,  686 
oomplicationa,  684 
ooat«gi<m  of,  weak,  666 
ooDTalesoence,  976 
oouiae,  677 
deafness  In,  609 
delirium  of,  689 
diagnosis,  696 


Mumps,  dlagnOBis  from  adenitis,  606 
from  Don  •specific  pamtttia,  606 
of  abortive  forma,  Wt 
digestive  disturbances  In,  68S 
duration,  577 
ear  troubles  In,  5419,  603 
epidemics  of,  567 
etiology,  663 

extrasallvary  local  luitlons,  Vli 
eye  troubles  in,  093 
feTCT  in,  B75 

genital  localiaitions  of,  a18 
gcognpbical  distributloo  of,  66$ 
bfematiirin  in,  SB? 
heart  ltotibk«  In,  686 
history,  GS5 

incubation  period  of,  879.  608 
Infectious  period  of,  879,  006 
iodic,  696 
Invasion  of,  568 
locallEstioDs  of,  in  utiser  thm  ttt 

salivary  glands,  678 
lymphatic  swelling  In,  5^ 
mastitis  in,  E8S 
nrplirltis  com  pi  i  nit  I  ng,  S87 
nervous  coinpllratlrxig  of.  000 
orchitis  of,  550,  5TI4,  5M,  001 
otalgia  in.  569 
ovaritis  in,  563 
paralysis  following,  690 
parotid  swelling  in,  670 
pathological  anatomy,  568 
peritonitis  in,  681 
prognosis,  698 
prophylaxis,  698 
prostatitis  in,  682 
respiratory  complications  of,  686 
rheumatism  complicating,  686 
salivary  secretion  in,  674 
sex  in  relation  to.  664 
skin  affections  in,  688 
sublingual  swelling  in,  678 
submaxillary  swelling  in,  679 
suppurative,  686 
symptoms,  668 

general,  676 
synonyms,  666 
testicular  lesions  of,  669,  678.  601. 

601 
thyroid  swelling  in,  684 
treatment,  696 
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Mumps,  treatmeat  of  grave  aad  compli- 

Orrhotherapy in  anthrax,  243 

cated  cases,  SOI 

in  Asiatic  cholera,  354 

ot  milii  cases,  600 

in  avion  septiciemia,  245 

preventive,  508 

in  diphtheria,  259 

universality  of,  655 

in  experimental  diseases,  340 

urethritis  in,  582 

in  hog  cholera,  243 

vulval  inflammatioa  in,  583 

in  human  disease,  348 

Muncna  belena,  poiaonJDg  by,  35 

in  pneumonia,  250 

Muscarin.  16 

in  poisoning  by  serpent  venom,  286 

Muscle,  leucomaTna  in,  133 

in  poisoning  by  vegetable  toxalbu- 

Muahrooras,  poisonous,  active  principle 

mins.  265 

of,  17 

in  rubies,  249 

Mussels,  poisoning  by,  27 

in    septiciemia     produced    by    the 

prophylaxis,  32 

staphylococcus  pyosepticua,  241 

syniptoma,  28 

in  streptococcus  infection,  353 

theory  of  the  causation  of,  30 

in  symptomatic  anthrax,  247 

treatment,  33 

in  tetanus,  255 

Mycopbylasins,  215 

in  tuberculosis,  248 

Mycosozijis,  215 

in  typhoid  fever,  349 

Mydalein,  19 

milk  as  an  agent  in,  373 

Mydatoxina,  17 

nature  of  ttie  germicidal  constituent 

Mydin,  15 

of  the  blood  scrum,  377 

Myocarditis  in  smallpox,  485 

specific  nature  of,  376 

Mytilotoxin,  17,  31 

theory  of  the  protective  action  of 

Mytilotoxismus,  37 

serum,  273 

Otalgia  in  the  Invasion  period  of  mumps, 

Naples,  cholera  epidemic  of  1884  in. 

569 

showing  the  ■water-borne  nature  of  tlio 

Ovaritis  in  mumps,  5S3 

disease,  335 

in  amitllpox,  440 

Nephritis  in  mumps,  587 

Oxyneurin,  16 

in  smallpox,  437 

Oxyuris  vermicularis,  watcr-bomc,  391 

Nerves,   section    of,    protlucing  suscep- 

Oysters, spread  of  disease  by,  298,  304 

tibility  to  infectious  diseases,  168 

Nervous  prostration  in  fevers.  Graves' 

Pahalvsis  following  mumps,  590 

remedy  for,  403 

Paraplegia  in  smallpox,  438 

symptoms  in  mumps,  589 

Parasites,  animal,  water-borne,  390 

system,  role  of  the,  in  infection,  20O 

Panixanthin,  120 

Neuridin,  14 

Parotid  glands,  swelling  of,  in  iodlsm, 

Neurin,  15 

596 

Neuritis,  peripheral,  in  smallpox,  439 

in  mumps,  570 

New-born  infants,  infection  of,  155 

Parotiditis,    parotis,    or    parotitis,    see 

Nudein,  adeniii  derived  from.  111 

Mutnjit 

Nucleohiston,  113 

ParvoUn,  13 

Pellagra,  76 

(Edema,  malignant,  bacterial  poison  of. 

symptoms,  78 

110 

treatment,  79 

Orchitis  in  mumps,  559,  578 

Pemphigus  complicating  vaccina,  533 

prognosis,  594 

diagnosis  of,  from  smallpox,  450 

treatment,  601 

Peptotoxin,  20 

in  smallpox,  440 

Pericarditis  io  nmnps,  560 

Ofrhotherapy,  235 

in  smallpox,  4S6 
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PerichondritiB  laryngea  varioloaa,  484 
Peritonitis  in  mumps,  681 

in  smallpox,  487 
Pertussis,  see  WTioopitig-eovgh 
Pettenkofcr's  ground-water  theory,  314 
Phagocytes,  271 

fixed,  310 

free,  210 

immunity  due  to,  171 

macro-,  210 

micro-,  210 

stimulation  of,  in  explanation  of  or- 
rhotherapy,  276 
Phagocytosis,  210,  216 

retardation  of  infection  by,  870 
Phlegmasia  alba  dolens  in  smallpox,  486 
Phlegmons,  vaccinal,  688 
Phlogosin,  20,  105 

attraction  of  leucocytes  by,  170 
Pbylaxins,  215 
Pilgrimages,  agency  of,  in  the  spread  of 

chojera.  849 
Pitting  of  smallpox,  418,  416 

prevention  of,  476,  485 
Plague,  bubonic,  incubation  period  of, 
884 
infectious  period  of,  886 
Plasmodium  of  malaria,  life  history  of 

the.  354 
Pleurisy  in  smallpox,  435 
Plotosus  lint-Htus,  poisoning  by,  85 
Plumbism,  water-borne,  2t<3 
Pneumonia,  orrbothtrupy  in,  250 

septic,  from  meat  poisoning,  47 
Pock,  (liplitboritic,  in  smallpox,  443 

of  inoculated  smallpox,  463 

of  smallpox,  441 

reticulating   and    ballooning   colli- 
qiiatioo  of  the,  in  smallpox,  443 

vaccinal,  517 
Pock-marks,  413,  416 
Poisoning,  arsenic,  water-borne,  287 

cheese,  57 

copper,  water-borne,  287 

com,  76 

ergot,  66 

flsh,  83 

footl.  26 

through  the  conversion  of  cho- 
lin  to  neurin,  16 

lead,  water-borne,  283 


Poisoning,  meat,  42 
milk,  49 
mussel,  27 

ptomain,  diagnosis  of,  from  small- 
pox, 447 
water-borne,  287 
sausage,  46 

serpent-venom,  orrhotherapy  in,  306 
shell-fish,  27 
vegetable-food,  66 
vegetable-toxalbumin,  orrhotherapy 

in,  266 
vetch,  72 

zinc,  water-borne,  387 
Poisons,  bacterial,  aee  BaeUrial poitoru 
Predisposition  to  infectious  diseases,  166 
increased  by  alcohol,  460 
too  great  importance  attached 
to,  140 
Proteids,  antitoxic,  383 
attenuating,  381 
bacterial,  31 

cellular,  33 
bactericidal,  339 
defensive,  315,  330,  328 
Propylamin,  13 
Prostatitis  in  mumps,  583 
Psoriasis  following  vaccination,  633 
Ptomalns,  0 

poisoning  by,   diagnosis    of,    from 
smallpox,  447 
water-borne,  287 
Ptonuuns,  Toxins,  and  Leucoouuns, 
3 
bacterial  poisons,   8 ;   ptomaTns,  9 ; 
bacterial  proteids,  21 ;  bacterial  tox- 
ins, 23  ;  food  poisoning,  20 :   mussel 
poisoning,   27 ;    fish  i>oisoning.  33 ; 
meat  poisoning,    42 ;    milk   poison- 
ing, 49 ;  cheese  poisoning,  57  ;  veg- 
etable food  poisoning,  66 ;   poisons 
of  the  specific  infectious  diseases. 
80;    leucomaTns,    110;    relation  of 
leucomalns  to  disease,  128 
Ptomatins,  9 
Ptomatropin,  41 
Ptyslism,  sec  Siiliration 
Puerperal  autoinfcction,  153 
Pupil,  dilatation  of  the,  in  cheese  poi- 
soning, 58 
in  flsh  poisoning,  41 
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Purpura  variolosa,  434 

Sarkin,  113 

bacteria  not  neccBaary  to  the  occur- 

Sausage  poisoning,  40 

renc«  of,  144 

Scarlet  fevur,  diagnosis  of,  from  small- 

bacterial  poison  in,  105 

poi,  445 

feeble  irannmizing  jiower  of,  271 

incubation  period  of,  378 

sterilized,  toxic  properties  of,  108 

infectious  period  of,  370 

Putrescin,  13 

Scarua,  poisoning  by  certain  species  of, 

ia  cbolera  cultures,  34 

37 

Putrid  poison  iu  decomposed  meat,  44 

Sclerosis,  disseminated  spinal,  in  small- 

Pysemia in  snmllpox,  441 

pox,  440 

Pyridin  bnses,  12,  13 

8combri<la>,    poisoning   by   Hsb  of   the 

Pyrotoxioabactcrica,  183 

family  of,  88 

Pyocyauiu,  20 

Scorpivna  scrofa,  poisoning  by,  35 

Season,    influence    of,    upon    infection, 

Rabbit  BepticaMnta.  bacterial  poison  of. 

148 

ito 

relation  of  smallpox  to.  394 

Rabies,  orrbotberapy  in,  249 

Sea  weaver,  poisoning  by  tbe.  33 

Racbialgia  in  smallpox,  4UU,  438 
Racial  susceptibility  lo  disease,  140 
to  smallpox,  307 
temperature,  influence  of.  upon  the 
susc«ptlbilily    t<i    jnfectinus   dis- 
eases, 181 
RasheJ,    niodtrlual.    diagnosis  of,    from 

smallpox,  447 
Red  light  in  tbe  management  of  smiill- 

pox,  481,  47.') 
Relapsing  fever,   incubation  periiMl  of, 
382 
infectious  period  of,  383 
Respiration,    barttria    probably    absent 
from  the  expintd  air,  137 
IcncomaVna  in  the  expired  iiir,  124 
Revacciualion,  Sil 

Ubeumatism,   a<nite,  diagnosis  of,   from 
smallpox.  450 
comjilicaliiig  mumps,  !iH6 
Romberg's  symplom  iu  ergotism,  69 
Roseola  variolosa,  410 
ROtbelu,  see  Ofrmaii  meti»lu 
Rougel,  see  Il'tj  r/iulaa 
Rubella,  see  Giriinin  nica*lf» 
Rubeola,  sec  Me<i»lu 

SAI.IVA,  leucomaTns  in  the,  128 
secretion  of,  in  mumps,  574 

Salivary    glands,    swelling    of    tbe,    in 
mumps,  570 

Salivation  in  confluent  smallpox,  419 
in  mumps,  575 

Sapin,  14 


Sedimentation,  puriQcation  of  water  by, 

3ni 

Scpsin,  45 

Septicajniia,     avian,    orrhotherapy     in, 
245 
iu  smallpox,  441 
prfHluced  hy  tbe  slnpbylococcus  pyo- 

septicus,  orrhotherapy  in,  341 
vareinal,  534 
Serotherapy,  see  Orrholhernjij) 
Serpent  ven<im,  orrhotherapy  in  poison- 
ing by.  208 
Serum,  active  element  of  tbe,  370 
aiitiilipblherilic,  263 
aiitipneumonir.  361 
antistreptocoecir,  'iTA 
antitoxic  power  of.  238 
nntiveuomous.  267 
attenuating  jiower  of  tbe.  337 
bacterieidal  power  of,  238 
characteristics  of  tbe  immunity  due 

to,  288 
coa^nilaliug  power  of,  240 
geiiend  projierties  of.  235 
glol)uliei(hd  power  of.  240 
immuuizing  power  of,  339 
nature  of  tbe  germicidal  constituent 

of  the,  277 
Kpecitic  action  of,  in  orrhotherapy, 

376 
tlieory  of  the  protective  action  of, 

273 
toxic  power  of,  840 
treatment  by,  235.    Qe^  Orrhotherapy 
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Sewage  farms,  daugcr  of,  as  regards  the 
transportation  of  eotozoa  eggs  and  cm- 
br}'0«,  381 

fiewer  gaa,  effects  of,  predispoelDg  to  in- 
fectious diaeusc,  ^3 
polBonitig  b;,  286 

tib«eppoz,  iiioculattoi)  of,  463,  500 

SlioU-dab  poisoning,  27 

Sigualera,  33 

Sitotozismus,  66 

Skla,  aftections  of  the,  lu  mumps,  588 
complicating  Btnallpux,  430 

SmaUpox,  38S 

definition,  389 ;  history,  890 ;  etiol- 
ogy, 84)4 ;  clinical liistoiy  nnd symp- 
tomatology, 40S ;  complications  and 
setiuelie,  430  ;  patLology,  441  i  dl- 
agnosis,  44S  ;  proguosis,  4JJ2  ;  trtaat- 
nitnt,  467;  biUliographicftl  rt-fer- 
enoes,  4S6 

Smallpox,  abscesses  compVicatitig,  430 
Hcm  pustulosii  complicating,  431 
ago  as  an  etiological  factor,  8OT 
airborne,  400 
albuniinuriit  in,  437 
alcohol  in  the  treatment  of,  483 
Anterics  invaded  by.  3118 
and    cliickenpox,    non- identity    of, 

and  vaccina,   mutually  protective, 
611 

non-identity  of,  608 
twcteriology,  399 
bathing  in,  488 
bedsores  in,  481 
black.  426 

blood-changea  in  malignant,  434 
bloody,  427 
boils  complicating,  481 
claasification  of,  418 
clinical  history,  406 
cocaine  in  the  treatment  of,  488 
coherent,  4S8 

colliquation  of  the  pock  in,  448 
complications  of,  480 

treatment,  406 
confluent,  414,  419 

treatment,  481 
conjunctivitis  complicating,  4S1 
corymboee,  422 
crusto,  414.  44S 


Bmallpox,  cystitis  in,  497 
deafness  in,  434 
deflnltion,  SSH 
delirium  iu.  430,  437 

trcaCmeDt,  489.  493 
desiccation  of  the  eruption  of,  414 
desquamation,  41S 
diagooais  of,  449 

from  acne  pustulosa,  4S0 

from  chicken  pol,  447 

from  drug  eiupllons,  447 

from  codocardiiis,  4Bi 

from  eryaijicliis,  449 

from  glandciB,  449 

firom  herpes,  449 

from  iuniljago,  446 

from  measles.  446 

from  meningitis,  4S0 

from  pemphiguH.  46<l 

from  ptomaTn  poisoning,  447 

from  rheumatism,  460 

from  scarlet  fever.  44fi 

from  gyphilJB  447 

from  typhus  fever,  444 
dlarrba>a  complicating,  487 

treatment  of,  491 
diphtheritic  pock.  442 
dtscrpto  or  diMiocl,  419 

tmttnwiit,  48U 
ear  complications  of,  488 
early  literature  of,  892 
endocarditis  in,  486 
eruption  of,  412 

on  the  mucous  membranes,  417, 
420 
erysipelas  complicating,  480 
etiology,  894 
Europe  Invaded  by,  898 
eye  complications  of,  481 
fever  in,  427 

of  maturation  or  supparmtion. 
428 

secondary,  428 
foetal.  148.  897,  620 
glossitis  In,  487 
bnmaturia  in,  487 
heart  troubles  in.  486 
hemorrhages  in,  486 
hemorrhagic,  424 

treatment,  49S 
history,  890 
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Smallpox.hoapltals  for,  dangeiom  to  the 
neighboTliood,  401 
hyperpyrexio  in,  428 
immunity  agaiosl,  conferred  by  one 
attack  of,  308 

conferred  by  vaccination,  518 
Incubation  period  of,  408 

duration,  873 
Infectious  period  of,  373,  40C 
Inocitlation,  462 

In  animals,  509 
insomnia  in,  treatment  of,  403 
intrauterine  infection.  148,  397,  520 
invasion  stage  of,  409 
iron  in  the  treatment  of,  484 
joint-disease  in,  441 
laryngitis  In,  434 

treatment,  491 
liver  changes  in,  444 
macules,  413 
malignant,  434 

treatment,  495 
mania  in,  438 
masterpock,  463 
meningitis  in,  438 
mortality  of,  452 

before  vaccination,  393,  501 

of  confluent,  421 

reduced    by    vaccination,    393, 
452,  455,  464,  501 
myocarditis  in,  435 
nephritis  in,  437 
neuritis  in,  439 
orchitis  in,  440 
original  home  of,  390 
ovaritis  in,  440 
papules,  413,  441 
paraplegia  in,  438 
pathology,  441 
pericarditis  in,  435 
peritonitis  in,  437 
petccbiEB  in  the  stage  of  invasion, 

411 
phlegmasia  alba  dolcns  In,  436 
pitting.  413,  416,  441 

prevention  of,  475,  485 
pleurisy  in.  485 
pocks  of,  413.  416,  441 
prognosis,  452 
prophylaxis.  458 
ptyaliam  in,  419 


Smallpox,  pulse  in,  410 
purpuric,  424 

purpuric  rashes  In  the  stage  of  in- 
vasion, 411 
pustules,  413,  441 

of  inoculation,  463 
pyicmia  in.  441 

quinine  in  the  treatment  of,  484 
racbialgia  in.  438 
racial  susceptibility  to,  897 
rasii,  412 

of  the  initial  stage,  410 

post-eruptive,  418 
red  light  in  the  management  of,  461, 

475 
respiration  iu,  410 
respiratory  complications  of,  434 
rcvaccination  in  the  prevention  of, 

521 
salivation  in  conQuent,  419 
scabs,  414,  443 
seasonal  prevalence  of,  394 
semiconfluent,  422 
septica'niitt  in,  441 
sequel  11'.  430 
sex  in  relation  to.  308 
skin  complications)  in,  430 
spinal  sclerosis  in.  440 
stages  of.  408 
staphylococcia  and  staphylostrepto- 

coccia  in.  418 
stomatitis  in.  437 
swelling  of  the  hands  and  feet  In, 

431 
symptoms,  408 
synonyms,  389 
temperature  in.  410,  427 
tracheobronchitis  in,  435 
treatment,  457 

curative,  474 

of  confluent,  481 

of  discrete,  480 

of  hemorrhagic.  495 

of  malignant,  495 

preventive.  458 
umbilication  of  the  pock,  413,  44t, 

443 
vaccination,  463,  501 
varieties,  423 
vesicles,  413 
vitality  of  the  poison  of.  407 
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Smallpox,  without  eruption,  418 
Smith,  Souwoh  C.  on  Water-borne 

DiaeaMi,  881 
Snake-bites,  orrhotbeiapx  in,  868 
Boil,  cholera  contamination  of  the,  in 
India.  840 
malaria  regarded  as  a  diaeaae  of  the, 

8S8 
typhoid  contamination  of  the,  814 
Sore-beds,  relation  of,  to  Taodna.  604 
Sosins.  816 
Spasmotoxin,  IS 
Spennin,  181 
Sphacelinic  acid,  87 
Spinal  cord,  bacterial  origin  of  diseases 
of  the,  808 
diseaaes  of  the.  in  smallpox.  440 
Spleen,  protectiTe  function  of,  against 

infection.  188 
Splenic  fcTer,  see  Antkfitu 
^phyloooccia  and  staphylostreptoooc- 

da  in  gmallpox,  418 
Starration,  effect  of,  in  increasing  sus- 
ceptibility to  infectious  disease,  107 
Stimulants,  indications  for,  in  the  treat- 
ment of  smallpox,  488 
Stlmulin,  876 
Streptococcal  inf ection,  orrbotberapy  in, 

868 
Streptococcus  yarloke  et  Taccins,  899 
Sublingual  glands,  swelling  of  the,  in 

mumps,  673 
Submaxillary  glands,  swelling  of  tbe,  in 

mumps,  572 
Sunburn  caused  by  tbe  action  of  tbe  ac- 
tinic rays,  476 
Suppuration,  bacterial  poison  of,  106 

witliout  bacteria,  144 
Susceptibility  to  bacterial  infection,  166 
Susotosin,  14 

Synanccia  bracbio,  poisoning  by,  84 
Syphilis,  diagnosis  of,  from  smallpox, 
447 
inoculation  of,  543 
intrauterine  infection  of,   improb- 
able, 150 
Taccbial,  473,  589 

TiKNiA,  WHt<;r-l)omc,  290 
"Ten-ltettle  policy"  In  the  prevention  of 
water- borne  diseases,  860 


Temperature  lowered,  iaaeaaiBg  tlie 
susceptit>nity  to  infectious  dis- 
ease, 107 
radal,  influence  of,  upon  tbe  sns- 
oeptibility  to  infectiona  diseases. 
181 
Testicles,  inflammation  of  tbe.  see  Or- 

eMtU 
TesUcnlar  fluid,  active  principle  <rf.  188 
Tetanln.  10.  80 
Tetanotoxin,  IS,  88 
Tetanus,  analysis  of  tbe  toxin  of.  84 
bacterial  pdson  of,  80 
orrbotberapy  in,  866 
Tetrodon,  poisoning  by,  86 
Tlialaasopbiyne,  poisoning  by,  88 
Theobromine,    oooTeTsioa    of    santhiD 

into.  118 
Thyroid  gland.  aweUing  of.  in  mumps. 

684 
Toxalbumins,    bacterial  toxins  incor- 
rectly so  called,  88 
Tegetable,  orriiotlierapy  in  poisaii- 
ing  by,  885 
Toxins,  816 
bacterial,  88 
oonveisian  of,  into  antitoxin  bydae- 

tridty,  107 
in  tbe  urine,  108 
of  anthrax,  82 
of  Asiatic  cholera,  88 
of  diphtheria,  93,  259 
of  glanders,  109 
of  hog  cholera,  106 
of  malignant  (rdema,  110 
of  pneumonia,  250 
of  rabbit  septicaemia,  110 
of  suppuration,  105 
of  tetanus,  89 
of  tuberculosis,  96 
of  typhoid  feycr,  96 
Toxopliylaxins,  216 
Tozosozius,  215 

Tracheobronchitis  in  smallpox,  435 
Tracbinus  draco,  poisoning  by,  83 
Traumatism,  susceptibility  to  infection 

increased  by,  167 
Tricthylamin.  11 
Trlmethylamin,  11 
Trimethylcnpdiamin,  13 
Tubercle  bacilli,  poison  of,  06 


INDEX  TO  VOLUME  XID. 


619 


Tubercle   bacilli,    pyogenic   aclion    of 

dead.  105 
Tuberculin,  98 

A.  9» 

effects  of,  103 

O.  100 

R,  100 
Tuberculosis,  bacterial  poison  of,  98 

flesh  of  animals  afTected  with,  43, 
189 

intrauterine   infection    of,    iiDpri>1)- 
able,  151 

orrhothernpy  in,  248 

vaccinal,  545.  549 
Typhoid  bacilli,  dates  of  the  appearance 
of,  in  the  urine  and  fieces.  Ii02 

relation  of,  to  the  colon  bueilll,  97 

saprophytic  existence  of,  312 
Typiioid  fever,  airborne,  303,  318 

bucterifkl  poison  of,  96 

earth-borne.  314 

ground- water  theory,  314 

incubation  period  of.  381 

infectious  period  of,  381 

insects  as  carriera  of.  303 

manner  of  infection,  303 

inilk-home.  313.  322 

orrhothernpy  in,  249 

oyatcr-borne.  298,  304 

soil  pollution.  314 

walking     case's     instrunnentnl     in 
spreading,  311 

water-borne,  303 

epidemics  of,  318 
in  relation  to  the  London  water- 
supply,  206 
Typhotojtin.  17 

Typhus  fever,  diagnosis  of,  from  small- 
pox, 448 

headache  after  exposure  to,  580 

incubation  periml  of,  .'i80 

infectious  period  of,  380 
Tyrntoxicon  or  tyrotoxin,  19,  57 

in  milk.  54 
TyrotoxismitB,  57 

Umbilication  of  the  pock  in  smallpox, 

441,  443 
Urethritis  in  mumps.  583 
Urine,  leucomalns  in,  125 
toxicity  of  the,  13S 


Urine,  toiity  of  the,  diminished  during 
the  febrile  stage  of  acute  infec- 
tious diseases,  370 
toxins  in  the,  198 
Urotoxic  coefficient,  127 
Urotoiy,  125 

Vaccina,  fiOl 

discovery  of  vaccination.  501 ;  rela- 
tions of  cowpox,  horsepox,  and  vac- 
cina in  man,  503 ;  non-identity  of 
variola  and  vaccina.  508;  the  active 
elements  of  vaccine  virus,  512;  the 
norma!  vaccinal  eruption.  515;  vuc- 
cin.il  receptivitj',  518;  varclmil  im- 
munity, 518;  anomalies  in  the 
vaccine  eniption,  537 ;  cointideut 
eruptions,  532 ;  secondary  infec- 
tions, 538;  animal  vaccine,  545;  in- 
dications and  contnvinilications  of 
vaccination,  549  :  melhoda  of  vacci- 
nation. Hat) ;  bihliographical  refer- 
ences. 551 
Vaccina,  464,  472,  501 

active  element  of  the  virus  of,  512 
and  smallpox,  mutually  protcct'vc, 
511 
non-identity  of,  5(18 
animal,  545 

anomalies  iu  tlie  eruption  of,  527 
l>acteriii  in,  3(19,  515 
Bryco'H  te.m.  473 
cicatrisation  H age  of,  516 
coincident  eruptions,  .5.33 
complications  of,  533 
cowpox.  and  horsepox,  relations  of, 

503 
desiccation  stage  of.  518 
eruption  of,  516 

anomalies  in  the,  527 
erysipelas  complicating,  GS4 
false,  528 
fever  of,  517 
gangrenous.  .534 
genendi7.e(l,  5,'iO 
hemorrhagic,  533 
horsepox,  and  cowpox,  relations  of, 

503 
immunity  against  smallpox  afforded 
by.  518 
duration  of.  520 


don  period  of,  516 
^  tranfimtasion  of,  unoer- 

'    _iiij,  i»c   520 
modified.  BUS 

andai       ifectious,  583 
I       ~  ige  of.  518 

u     coRtpUcatiog,  S34 
■niiivil     iy  to,  518 
uns,  473,  515 
,.~.»«ive,  538 
without  eruption,  QS9 
cfnation,  443,  501 
"^identB  of,  032 
Lmal,  546 

■atTftisdications  of,  540 
CO  very  of,  464,  501 
'cerinlied  pulp,  549 
in  unity    ag'ainst    smullpox    con- 
f  fetied  by,  518 
lodioitioiiB  of,  G49 
influence   of,    upon    tlie    mortality 
from  smallpox,  303,  452,  455,  464, 

.  fioi 

hodBof,  470,  550 

talfty  from  smallpox,   prior  to 

le  introduction  of,  303,  501 

*ItreveiitioD  of  aiiiallpoi  by,  404,  51t( 

repeated,  531 

nilea  for,  470,  6B0 

8car,  617 
Vsocine,  see  Ljftnph,  txieeine 
VacdDoid,  628 
Yaccino-leprosy,  478,  646 
Vaccino-sypbilis.  478,  689 
Vaccino-tuberculoels,  645,  649 
Vanilla,  alleged  poisoning  by,  66 
Vanillin,   ardflclal,  contaminated  with 

bichromate  of  potassium,  C6 
Vvioella,  see  Chiekenpoa 
Variola  benigna,  889,  428 

confluens,  419 

cornea,  419,  428 

corymbosa,  422 

omenta,  427 

crystallina,  419 

diacreta  vel  distincta,  419 

dysenterica,  487 

tuemorrbagica,  424 
pustulosa,  429 

maligna,  424 

nigra,  429 


Variola  ovioa,  4®3.  468 
purpurica,  434 
BcmicoDtlueDS,  423 
aloe  exantbemate,  or  tine  variolta, 

412.  428 
TnociDa,  see  Vateina 
▼emiooea,  419,  428 
see  also  BmaUpox 
Varlolotd,  428 

defluitioD  of.  380 
Vauodas,  Victor  C,  on  PtomaRti,  Toi- 

Ids,  and  Luucoma&is,  1 
Vegetable  food  poisoning,  00 
Venom,  serpent,  orrbatberapy  In  polKm- 

ing  by.  a6« 
Vetch  poisoning,  73 
Virus,  vaccine,  see  Ls/mjih,  mmmm 
Vulro,  iu (lamination  of  the,  in  ntuiapa, 
583 

Wabtpox,  419,  433 
'VtTater^bome  Biaeavea,  283 

iotroductioD.  283;  dlseaaes  eanaeil 
by  non-living  matter,  383 ;  pltui^ 
ism.  383 ;   polsonlog  by  sine, 
per,    or    arsenic,    367 1    ilycp«pd% 
diarrbnm,  and    ptomstn    jKilsonlnjr. 
3)^7 ;  dlseusei  cauiictl  by  liviag  nr- 
ganisms,    289;    the   entozoa,    290; 
bacteria,  298;   typhoid  fever,  808; 
cholera,  824 ;   malaria,  861 ;  dysen- 
tery, diarrhoea,  and  yellow  fever, 
857 ;    preventive    measures,     869 ; 
conclusions,    868 ;      bibliography, 
864 
Water,  boiling  as  a  means  of  purifying, 
860 
calcium  hydrate  as  a  means  of  puri- 
fying, 862 
filtration  as  a  means  of  purifying, 

861 
plumbo-Bolvent  action  of,  884 
purification  of,  860 
sedimentation  as  a  means  of  purify- 
ing, 861 
sterilization  of,  860 
subsoil,  drawn  into  supply  pipes, 
816.  819 
Water-supply,   dangers  of  a  oootami- 
nated,  288 
eaientials  of  a  pure,  809 
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Water-supply,  fouleii  by  in-sucking  by 

Xajjthtn,  117 

leaky  pipes,  316,  810 

Xantbokreatinin,  12;) 

Whooping-cough,  incubatiou  period  of, 

879 

Yellow  fkvkb,  incubation  period  of. 

infectloua  (jerioU  of,  878 

883 

Williams,   Dawi*on.   on  Tlie  Duration 

infectious  period  of,  888 

of  tlie  Periods  of  Incubation  and  In- 

water- borne,  359 

fectiousness   in    Acute   »Speciflc    Dis- 

eases, 305 

Zinc  poisoning,  water-borne,  287 

Worms,  intestinal,  water-bomo,  290 

Zymotic  diseases,  sec  IiifeHious  (ii»t<t»c» 

I 


